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IjE(’"l''liI('ri’Y  is  in  its  infancy.''  Tliis  expressioii  is  often  heard,  hnt 
one  lias  only  to  look  at  the  niai’vellons  growth  of  the  hnsiness  of 
Slip] living  electric  light  and  ])ower  from  Central  Stations  to  note 
that,  in  this  direction  at  least,  electricity  has  advanced  far  heyond 
the  age  of  infancy,  and  represents,  rather,  manhood  in  its  jirime.  At  present 
writing,  January,  isae^  there  are  on  record  as  in  ojieration  in  the  United  States 
1,700  C'entral  Stations,  having  an  aggregate  capacity  of  ls:t,.'>o‘i  arc  and  ig Jo(!,?>7-l 
incandescent  lights,  and  rejiresenting  an  investment  whicli  certainly  cannot  lie 
less  than  si.')0.ooo.oo(i.(io.  That  such  an  investment  should  have  been  made 
during  a single  decade  will  prove  conclusively  to  any  one  who  doubts,  if  such  can 
I now  lie  found,  that  C-entral  Station  lighting  is  a [irohtahle  business  : under  good 

management,  undoubtedly  more  prohtahle  than  most  enterjirises  in  these  days 
of  close  competition  and  narrow  margins.  We  say  under  good  management, 
meaning  to  include  both  wisdom  in  the  original  selection  of  apparatus,  as  well  as 
the  use  of  good  business  judgment  in  its  sulisequent  operation,  and  idectric  ap- 
paratus and  a})pliances  having  been  brought  to  a condition  of  perfection  scaivt'ly 
paralleled  in  any  other  mechanical  industry,  there  is  now  no  excuse  for  an  in- 
eflicient  eipiipment  on  ’.duch  to  base  the  hope  of  success.  With  a knowledge  ' 
arising  from  familiarity  with  the  state  of  the  art  throughout  the  civilized  world. 
W(‘  may  say  that  an  electric-lighting  }»lant.  such  as  we  now  build,  so  far  from 
being  in  its  infancy,  is  eipial  and  even  superior  to  similar  plants  in  the  res])('e- 
I tive  fields  of  steam  engineering,  water  works,  gas  lighting,  or  any  of  the  other 

inpiortant  industries  of  longstanding;  and  this  whether  considered  from  either 
a technical  or  commercial  standpoint. 

The  AVestinghouse  Electric  and  Alannfactnring  Company  may  he  said  to 
have  begun  its  extraordinary  growth  in  the  latter  part  of  isst;,  when,  as  ])ioneers 
in  the  introduction  of  alternating  currents,  they  first  put  u})on  the  mai'ket  this, 
now  well  known,  system  of  electric  distrihntion.  Then,  the  alternating  system 
was  met  by  the  combined  ridicule  and  opjiosition  of  jiractically  every  one  con- 
nected with  the  electrical  industry,  largely,  it  has  since  been  shown,  on  account 
of  its  radical  departures  from  jirevious  methods.  Aow,  its  essential  principles  are 
admitted  to  he  the  basis  of  every  system  which  hopes  to  successfully  com})ete 
f under  the  requirements  of  incandescent  Central  Station  work.  Tlie  contrast  of 

these  two  facts  is  instructive.  As  witness  of  this  statement,  there  are  now 
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in  daily  (i[)(‘rati(^ii  l»7r),r)(K)  sixtia'ii-candle-powcr  laiuj)s  and  '2,'2,1'M)  arc  lamps 
(tlia  lattar  liraiirli  luiviiiy  Ix'cii  taken  up  only  at  a c()ni[)a-rativoly  recent  date),  the 
coni}»]ete  apparatus  ivpr(*sentina;  wdiioh  has  been  mannfactnred  hy  us.  We  have 
come  to  hoh(‘V(:‘  that  any  company  i)ro])osing  to  enter  tlie  business  of  Central 
Station  lighting  for  ])rotit,  can  insure  tliat  residt — good  maiiagemeut  being  ad- 
mittod-  l)y,  and  \V(‘  iliiidv  only  hy.  the  employment  of  the  complet('  systems  which 
Wo  have  dovolop(*d.  \V(‘  (h'siro  to  say  here?,  that  a leading  ttutor  in  the  dev(‘lo]>- 
inoiil  w lhcli  has  given  our  a})paratus  tli('  position  it  now  occu})ies,  has  been  the 
hoaity  co-()p(n‘ation  ot  tlie  Lighting  Oom[)anies,  wdio  have  Ix^en  our  customers. 
Iloing  sufhciontly  fortunati'  to  socui'o  and  retain  their  good-will,  we  have  l)een 
alt](‘  to  hihig  to  l)eai-  a leading  tenet  of  our  policy,  which  is,  to  study  carefidly  all 
the  conditions,  commei'cial  and  otlierwuse,  surrounding  Central  Station  service. 
A sncc(:'ssful  syst(*m,  in  the  only  ]‘ractical  and  worthy  sense  of  the  term,  is 
d(W(do]>('d,  not  in  tin*  lahoi’atory  of  the  electrician,  hnt  in  the  station  of  the  local 
< ompany  and  in  tlie  store  and  dwadling  of  the  customer.  Au  early  appreciation 
o1  t his  tacti  has  lain  near  thi'  foundation  of  our  succt'SS. 

With  the  univei  sal  introduction  of  ek'ctitc  lighting  in  cities  and  towns, 
has  eotiK'  th('  usu.al  chea])ening  of  methods  and  induction  of  prices,  wdiicli  is  a 
healthy  part  of  tlu-  gi'owtli  of  eveiy  industry.  Every  local  company  can — and  in 
fact,  to  (:l)tain  the  h(‘st  resnlts.  must  — ]»(‘rmit  its  customers  toshareinthe  decrease 
of  ]irices.  in  doing  this  it  may  at  tlie  same  time  maintain  and  increase  its  own 
pi’otits.  The  path  to  this  end  is  not,  however,  in  the  investment  in  second-class 
apparatus,  which  to  a certain  ext('nt  ch.aracterized  the  Central  Station  business  a 
few  y("ars  ago.  Idle  perfection  of  the  plant,  from  the  holler  room  to  the  lamp,  is 
till'  [irime  recpiisite.  d’his,  good  managemc'ut  can  only  su])plement.  No  one  can 
affoi'd  to  ado])t  or  continue  thi'  use  of  antiipiatcMl  and  inefficient  apjiaratns  in  the 
pr(*sent  agc' of  advanced  methods,  and  it  is  therefore  of  the  utmost  imjiortance 
to  examine  < losely  into  the  moiiey-curning  merits  of  any  system  claiming  recog- 
nition. Elsiwvhei-e  in  thc'se  ])agc‘s  w'ill  he  found  a fewv  examjiles,  specifically  illus- 
trating the  importance  of  tlu'  foregoing  general  considerations,  before  investi- 
gating which,  we  will  look  at  th(‘  parts  wdiich  go  to  makeup  our  various  systems. 

fpl7G  aAllernatin|  (^ui't'cnl  IncandGscenf  SysiGm. 

ddu“  practical  retirement  of  tlie  old  systems  of  Direct  Current  lighting  has 
hc^cMi  th»‘  nc'cc'ssaiy  conscapii'iice  cif  the  commercial  success  of  the  Alternating 
system.  A fair  knowlc-dge  of  the  alternating  system  and  its  contrasted  charac- 
teristic is  therefoi'c'  almost  universal,  hut  not  so  complete  that  we  can  forego 
altogether  a description  of  its  jainciples. 
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It  is  a well-known  electrical  law,  that  for  a g-iven  ainonnt  of  energy  and 
for  a given  distance,  the  cost  of  co])per  coiidnctors  will  vaiy  inversely  as  tlie 
S(inare  of  the  })otential  used,  line  losses  being  eqnal.  Hence,  it  is  the  natural 
interest  of  the  investor  to  employ  as  high  an  electro-motive  force  as  possil)le. 
For  example  ; with  copper  ware  worth  IS  cents  })er  ])ound,  the  insnlated  con- 
ductors to  carry  lOO  horse-])OW"er  of  electrical  energy  to  a })oint  igooo  feet  distant, 
► will  cost  75.00,  using  1,000  volts  }»otential  and  allownng  hv*' per-cent  line  loss. 

If  we  nse  loo  volts  })otential,  other  conditions  remaining  the  same,  onr  conduc- 
tors wall  cost  SIT, 500. 00,  or  one  hundred  times  as  much. 

On  the  other  hand,  opposing  the  nse  of  high  potentials  is  the  fact  that 
the  incandescent  lam[)  is,  it  seems,  commercially  limited  to  110  volts  as  the 
maximum  pressure  ; hence,  if  we  use  a higher  i)otential  ou  oiu’  main  circuits, 
w^e  must  provide  for  a means  of  reducing  the  same  to  llo  Aa)lts  before  the  cur- 
rent reaches  the  lamps.  Uj)  to  this  time,  wdiere  continnous  current  systems  are 
in  use,  them  has  been  discovered  no  cc^mmercially  satisfactory  waiy  to  do  this. 
The  limit  of  maximum  pressure  on  continuous  current  circuits  seems  to  he  '2'20 
^ volts,  so  that  wdiere  a large  number  of  lam})s  are  to  he  distributed  over  a con- 

siderable area,  the  cost  of  the  copper  becomes  so  enornions  as  to  he  prohiliitory. 
Even  the  220  volts  aliove  referred  to,  wdiich  is  twdce  the  })otential  of  the  lam})s, 
are  made  iiossihle  by  the  use  of  wdiat  is  knowai  as  the  three-wdm  system — a 
more  or  less  complicated  and,  wdien  underground,  a most  dangerous  arrange- 
ment, — whereby  two  cii’cuits  carrying  1 10-volt  lamps,  are  ])ractically  run  in  series, 
a tliird  ware  taking  care  of  the  nnmlier  of  lam|)s  biu’ning  u})on  one  circuit  in 
excess  of  those  being  o})erated  ujion  the  other.  By  the  three-wdre  system  the 
saving  in  copper  over  the  llo-volt  systems  is  variously  estimated  at  from  30  to 
60  ])er-cent,  the  former  figure  representing  the  best  disinterested  authority. 

The  introduction  of  the  alternating  current  at  once  wa-ought  an  entire 
^ change  in  the  business  of  electric  lighting,  wdiich  had  previously  been  confined 

to  a very  restricted  field.  This  wais  accomplished  by  employing  in  practical 
form  the  principle  of  the  induction  coil,  by  wdiich  the  ratio  hetwmen  the  E.  M.  F. 
and  current  may  he  changed  at  any  point  on  the  circuit  and  to  any  extent  de- 
sired. It  is  therefore  possible  to  raise  or  lowmr  the  potential  of  our  main  cir- 
cuits to  any  extent  at  wall,  and  to  use  wdiatever  pressure  may  liest  suit  local 
conditions,  wdthoiit  regard  to  the  requirements  of  the  incandescent  lamp.  Fur- 
ther, wdiile  the  llo-volt  lamp  is  largely  used  on  direct  current  circuits,  by  reason 
of  the  necessity  of  ennploying  as  high  a potential  as  possible,  it  is  liy  no  means 
the  most  efficient  or  economical  lamp.  Therefore,  wdien  the  demand  of  the 
circuit  for  a high  potential  is  removed,  w^e  may  consider  only  the  most  efficient 
^ lamp,  and  this,  careful  experiment  has  so  far  showai  to  he  the  one  requiring 

about  50  volts  pressure. 
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Althoiij^li  tlt(‘  alternating'  system  was  railed  into  existence  l)y  the  pressing 
need  of  a method  of  distrihnting  electrical  (‘nergy  over  areas  heyond  the  reach 
of  continnons  cnrrent  systems,  without  an  nnreasonahle  investment  in  copper 
condnctoi's,  immediately  after  its  introduction  there  were  fonnd  to  he  many 
otlaa-  advantages  aftendant  n])on  its  nse.  Tins  is  trne  (wen  where  the  distanc'es 
to  h('  covered  are  so  short  as  to  make  the  cost  of  conductors  an  insignificant 
it»'m.  oi'  ev(m  to  raise  thi'  total  cost  of  installation  to  a higher  ligni'e  than  for 
dii'(*cti  cnrrent  machinei-y.  TIk^sc'  facts  are  now  so  well  known  that  it  is  sn]ier- 
flnons  to  make  moi-e  than  a hi'ief  statement  of  them. 

That  a company  furnishing  electric  cnrrent  for  ])roht  should  l)e  able  to 
take  advamtage  of  all  the  hnsiness  ottered  wonld  se(mi  to  he  a self-evident  j)ropo- 
sition  ; l»nt  while  this  is  ])()ssihl('  with  alternating  cnrrent  machinery,  it  is  also 
ti'iK'  that  with  the  direct  cnrrent  system  any  trade  ontside  of  a small  radius 
from  the  station,  calls  foi'  a dispro])ortionate  additional  investment,  frecpiently 
se  kirg(‘  as  to  otfset  profits  to  he  made  fi-om  the  additional  revenue.  We  can 
fiir1h(‘r  add  that  in  nearly  every  case  such  tradt^  a])])ears  aftei'  the  station  has 
Ix'tm  started. 

A most  impoi'tant  consideration  in  this  connection  is  that  of  the  nse  of 
m(A(‘rs,  which  is  discussed  elsewhere  in  these  ])ages  at  some  length.  If  one 
thing  is  more!  assured  than  anotlun-,  it  is  that  to  get  the  best  results  a Central 
Station  must  sell  all  its  light  through  meters.  Were  this  point  not  conceded, 
th(^  ])ei'sistent  and  long-continued  efforts  of  tlawe  interested  in  the  electric  indns- 
ti'V  to  ])roduce  a satisfactory  direct  cnrrent  meter  wonld  he  sidficicait  evidence 
to  (h'monstrate  the  corn'ctness  of  our  statenumt.  Tlu'  Shallenhei'ger  met(‘r  foi- 
alt<*ruating  currents  affords  advantages  in  this  line  wliicli  are  entirely  Ix'yond 
t he  reach  of  a station  using  the  direct  current  system. 

Distribution  by  the  us(‘ of  alternating  currents  and  converters  is  accom- 
])lished  with  ind(‘pend('nt  circuits,  connected  tog(‘ther  only  at  the  switchboard 
in  the  (fmtral  Station,  the  small  line  loss  making  mmecessary  and  su]»erfluous 
th('  us(‘  of  heavy  ecpiali/ang  wires  Ixdween  different  sections  of  the  supply  cir- 
cuits. The  rc'sult  is  that  tla^  stati<»n  attendant  has  perfect  control  f)ver  all  of  his 
lines,  and  in  the  evtait  of  a break  in  any  one  of  these,  by  reason  of  a stoi'in, 
fire'!,  falling  tree's,  or  otliei'  accident,  he'  can  cut  out  the  damaged  circuit  inmu'- 
diately,  without  interru[)ting  the  service  in  any  other  })art  of  his  lines  for  an  in- 
stant. With  direct  cui'rent  systems  the  lieavy  line  losses  make  it  necessary  to 
connect  together  all  outside  conductors  into  a network  forming  one  comjdicated 
whole,  any  break  in  which  interferes  with  the  entire  service  of  the  station. 
Fui  tlu'r.  when  two  or  more  dynamos  are  in  use,  pumping  current  into  the  net- 
work of  condiuttors,  it  is  fre(piently  the  cas('  that  the  whole  energy  of  the  sta- 
tion may  he  suddeidy  applied  at  the  damaged  point,  resulting  in  a possible  fire. 
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or,  wliat  is  more  likely,  a short-circuit  and  hui'iiing’  out  of  oU(^  of  the  gi'uerator 
ai'uiatures. 

Witl)  the  direct  current  system  the  ])ractice  of  thus  tying  together  the 
circuits,  connects  not  only  the  street  mains  Imt  also  the  house  wiring  and  even 
the  lamps  themselves  to  one  com})hcated  system.  By  the  grounding  of  one  of 
the  house  wires,  a consumer  ])ractically  constitutes  his  house  a [)ath  for  liglit- 
t ning,  the  niaiu  wires  of  tlie  circuits  heing  the  rod,  and  the  service  wires  to  liis 

j)reniises,  with  their  connection  to  tlie  giuund,  forming  the  remainder  of  the 
system.  The  possil)ihty,  also,  of  another  ground  on  the  o})posite  side  of  the 
circuit,  somewhei'e  in  the  system  of  conductors,  and  the  conse(iuent  How  of 
current  throngh  both  these  grounds,  is  not  remote.  The  danger  of  tire  from 
such  an  arrangement  is  very  serious.  With  the  alternating  system  the  primary 
circuits  have  no  metallic  connection  with  any  wires  on  tlie  consumer’s  premises, 
hut  are  in  fact  completely  insulated  from  thi'ni.  A lightning  discharge  must, 
therefore,  seek  otlier  conductors  to  the  eartli  ; and  should  a ground  he  made  hy 
the  consumer  himself,  he  is  not  affected  hy  a gi'ound  on  any  other  part  of  the 
I system,  since  the  circuit  upon  which  his  lamps  are  placed  is  se})arate  and  com- 

l»lete  in  itself,  and  is  connected  to  no  other. 

The  ahsence  of  that  expensive  and  cund)ersonie  device,  the  conunntator, 
inherent  in  all  direct  current  dynamos,  nets  the  operating  company  a consider- 
ahle  saving  in  annual  re])airs,  to  say  uothing  of  the  constant  attention  necessary 
in  adjusting  and  trimming  hrnshes.  It  is  proper  to  state  that  the  alternating 
current  dynamo  generates  lint  a comparatively  small  (piantity  of  curi'ent,  and 
this  heing  taken  from  the  armature  on  two  smooth  continuous  strips  of  brass 
])laced  upon  the  shaft  and  called  collector  rings,  the  ])osition  of  the  hrnshes  is 
immaterial,  the  only  i-ecjuisih^  heing  that  tlu'y  make  good  contact. 

To  snm  iij)  then,  the  advantages  of  the  alternating  current  system  over 
^ the  continnous  cnri'ent  system  are  : 

1.  Low  cost  of  the  complete  ])lant. 

The  prohtahk'  distnhution  of  current  throughout  wide  au'as 

d.  The  accurate  measurement  hv  meter  of  the  current  cousumed. 

4.  The  ahsolute  se])aration  of  diifereut  circuits,  and  the  control  of  each  at 
the  Central  Station. 

a.  Freedom  from  danger  of  accident  hy  fire  aial  lightning,  due  to  uu per- 
fection m the  insulation  of  circuits. 

Low  cost  of  oi)emtion  and  maintenance. 

Having  taken  this  hrief  I'eview  of  the  system  in  general,  let  us  consider 
more  in  detad  the  jiai'ts  which  go  to  make  it  up. 
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^or^sfani  pot^r^tial  ^.li(rnatin^  (^urrent  (aeneraters. 


U the  i)ract.ical  C'eiitral  Station  manager  tlie  acc()ni})anying  illnstra- 
tion  of  the  C'onstant  ]^)tential  Alternating  Current  (lenerator  will 
at  once  commend  itself.  The  main  frame  of  the  machine  is  in  two 
])arts,  securely  holted  together,  and  winch  separate  on  a horizonud 
plane.  The  n])per  piece,  or  yoke,  can  he  readily  lifted  oft  for  inspection  oi-  re- 
pairs wdthont  the  d\mamo  base  heing  in  any  way  distnrhed.  The  whole  design  is 
rigid,  and  the  pole  pieces  projecting  radially  inward  ar(‘  in  such  a positioii,  end 


Fiu  1. — Self-*  )iLixa  P>earixg. 

are  so  ])roportioned,  that  there  is  almost  no  external  held,  the  entire  exciting  cur- 
rent l)eing  utilized  wdth  a minimum  wmste  of  energy.  Ball  hearings  give  a ])**r- 
fect  alignment  to  the  armature  shaft,  there  heing  a self-oiling  chamher  to  secure 
perfect  liihrication  at  each  bearing. 

We  consider  the  design  of  this  l»eai‘ing  of  sufficient  interest  to  give  it 
a special  illustration,  the  accompanying  cut  showing  a ])erpendicidar  section 
through  the  centre  of  the  shaft.  The  dynamo  standard  is  hollow,  providing 
a chamber  for  a considerable  quantity  of  oil.  which  is  carried  up  and  over  the 
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Fii;.  -J.  — iui  Kilowatt  Alternating  Current  Constant  Potential  LtEnerator. 
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shaft  when  the  dynamo  is  in  ojieration,  by  meaiis  of  two  loose  rings  of  larger  dia 
meter  than  the  shaft  on  which  they  are  placed. 

As  will  be  noted,  the  lower  portions  of  these  rings  are  constantly  in  the 
oil,  which  adheres  to  them  long  enongh  for  the  jiurpose  above  named. 

We  constnict  generators  in  which  the  fields  are  excited,  in  jiart  from  a 
separate,  direct  cnrrent.  llb-volt  machine,  and  in  part  by  current  from  tlu* 
machine  itself- -the  latter  being  taken  from  a se])ai‘ate  winding  on  the  armature 
— and  we  also  make  tlieni  entirely  .self-exciting.  The  former  plan  is  preferable 
where  a immber  of  machines  are  to  be  nsed  in  one  station,  or  where  extreme 
flexibility  in  E.  M.  F.  is  desired  to  meet  the  varying  conditions  of  load.  That 
part  of  the  cnrrent  which  conies  from  the  armature  of  the  alternator  is  directly 
proportional  to  the  t(ttal  output  of  the  dynamo  at  all  times.  That  is  to  say, 
when  the  machine  is  doing  its  heaviest  work  it  will  have  a maximum  held 


Fig.  o.  — Toothkd  Akvatckk. 

charge,  and  vice  versa.  Desiring  any  si)ecial  E.  IM.  E.  at  the  terminals  of  the 
machine,  we  have  sim})ly.  therefore,  to  determine  the  amount  of  current  neces- 
sary to  be  furnished  by  the  external  exciter,  and  sucli  E.  M.  E.  will  be  main- 
tained uniformly  without  further  adjustment.  A s])ecial  winding  on  the  alter- 
nator ai’inature  furnishes  a small  amount  of  current,  which  can  be  commutated, 
and  is  all  that  is  necessary  to  vary  the  dynamo  held  charge,  in  order  to  maintain 
constant  potential,  as  above  noted. 

This  method  of  comjxisite  winding  is  made  sim]ile  and  easily  effective  by 
the  employment  of  a toothed  form  of  armature,  which  is  used  m this  generator, 
and  which,  as  representing  a most  marked  advance  over  })revious  practici*.  we 
illustrate  and  briefly  desci'ibe. 

The  illustration  shows  an  armature  coniidete  and  ready  to  go  into  its 
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in;ichiiu‘.  Tlu'  annatiiro  is  liollow,  allowing  most  thorough  veiitilation.  and  is 
hi  lilt  of  vary  tliin  stool  iilates  having  T-shaped  teeth  on  their  jx'riphories.  These 
[dates  are  [daced  side  hy  side  n])on  the  shaft,  and  they  are  held  in  position  hy 
suitalile  rigid  end  [dates.  Tlie  armature  coils  are  lathe-wound,  and  are  most 
cai  efully  insulateil,  in  addition  to  tlie  standai'd  and  ordinary  methods,  hy  being 
\vra[)[)e<l  with  carefnlly  [)re[)ared  ta[)e.  The  coils  are  then  sli[)[)ed  over  the 
'f-sliapod  teeth  and  [iressed  into  [dace  on  tlie  armature,  being  com[detely  sur- 
rounded hy  iron  and  [irotected  i-lierehy  from  any  external  damage.  There  is 
NO  WIK'K  WHA'I’LVER  ON  THE  OUTSIDE  OF  THE  TOOTHED  ARMATURE.  It  Call  he 
liandled  with  ease,  and  even  rolled  on  the  tloor  without  the  least  danger  of 
injury.  Tlie  enormous  inptortaiice  of  this  [xdiit  can  only  he  understood  and 
a[)[)reciated  hy  a Central  Station  man  who  has  had  to  contend  with  the  difticulties 
of  handling  surface- wound  armatures,  which,  from  the  nature  of  the  case, 
reipiire  the  greatest  care  in  boxing  and  shi[)[)iug,  and  are  readily  susce[dihle  to 
serious  damage,  led  only  when  being  |)ut  into  [ilace  for  service,  hut  continually, 
from  a.  hit  of  iron,  a nail,  or  idher  hard  substance  which  may  get  into  the 
machine. 

An  increased  amount  of  clearance  between  the  armature  and  the  [lole 
jiieces  can  he  allowi'd  when  the  toothed  armatui'e  is  used,  and  the  danger  of 
( •(  ntact  hotrveeii  these  [larts,  due  to  the  wearing  away  of  the  hearings,  is  eliminated. 

Since  there  is  no  wire  on  the  outside  of  the  armature,  this  increased  amount 
of  clearance  is  obtained  without  an  a[)[)reciahle  extension  of  the  distance  between 
t he  iron  of  tlio  armature  and  of  the  [lole  [deces  ; consequently,  the  dynamo 
chicieiicy  is  unimpaired. 

The  inqiossihility  of  [ireveiiting  the  occasional  occurrence  of  a short-circuit 
on  an  extensive  system  of  conductors  has  been  the  cause  of  a great  deal  of  annoy- 
ance and  enormous  expense  to  electric  conqianies,  hy  the  hurning-out  of  arma- 
tures. The  burn-out  is  generally  caused  by  the  enormous  rush  of  current,  which 
a constant  [loteiitial  machine  tends  to  give,  whenever  the  resistance  between  the 
terminals  is  removed.  In  the  design  and  construction  of  the  toothed  armature 
we  have  introduced  an  element  which  will  largely  reduce  this  dithculty.  By 
reason  of  the  [iroportions  of  iron  and  co[)[)er  used,  and  their  arrangement  wdth  re- 
ference to  each  other,  thi'  [irinciple  of  the  indiudion  coil  is  once  more  called  into 
[ilay,  for  the  creation  of  a high  counter  electro-motive  force,  whenever  an 
(‘xcessive  current  is  [Kissed  through  its  coils.  A ithout  attempting  to  define  the 
exact  arrangement  hy  which  this  is  hroiight  about,  we  sini[»ly  give  the  lesult. 

( )n  a short-circuit,  while  the  dynamo  current  wall  increase  in  quantity  to  approxi- 
mately five  times  its  normal  amount,  the  electro-motive  force  simultaneously  de- 
creases to  ap[)roximately  one-fifth  of  its  normal  amount.  Ihe  total  dynamo  oiit- 
[)ut  m energy  is  therefore  a[>proximately  the  same.  As  a lesult  theie  is  no 
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Fig,  4. — Slow  Speed,  Alteknating  Cukkent,  Constant  Potential  Generator. 


burning-out  of  the  armature,  no  throwing  otf  of  belts,  and  the  liability  to  serious 
damage  is  largely  diminished,  if  not  altogether  })i'evented. 

We  desire  to  call  attention  to  the  fact  that  this  method  of  constructing 
armatures  is  broadly  covered  by  patents  owned  and  controlled  by  this  Company; 
the  exclusive  use  of  them  is  therefore  assured  to  })urcliasers  of  Westinghuuse 
machinery. 

By  reason  of  the  fact  that  the  armature  coils  are  lathe- wound,  they  are 
susceptible  of  a very  high  degree  of  insulation.  Being  wound  by  machine,  the  wire 
is  reeled  directly  from  its  spool  to  the  coil,  and  is  laid  into  place  under  tension. 
Itis  ahsoliitehj  free  from  kinks,  (unl  the  insnlation  is  \iever  obraded,  htj  the  rnbt)in(j 
necessary  to  remove  them,  and  atimiys  used  in  hand  irindimj.  Further,  after 
each  coil  is  taken  from  its  lathe  it  is  wra])ped  with  a s])ecially  pre})ared  tape,  and 
is  finally  coated  witli  insulating  varnish  and  })aint.  In  this  way  insidation  may 
he  provided  for  currents  of  any  required  ])otential.  In  addition  to  the  standard 
l,00(Lvolt  api)aratus,  we  are  also  enahle<I,  l)y  reason  of  this  })erfect  insidation,  to 
build  machines  to  generate  currents  of  2,oo(i,  3,ooo,  -I,ooo,  and  0,000  volts.  (Jn 
page  '23  is  illustrated  the  switchboard  for  handling  currents  of  2, 000  volts  and  u})- 
ward,  to  which  we  have  given  a great  deal  of  attention.  The  geneiutors  for  such 
currents  are  of  similar  tcqie  to  the  one  shown  in  the  foregoing  illustration,  the 
high  i)otential  currents  being  generated  directly  by  the  dynamo,  without  the  in- 
terposition of  any  intermediate  device. 

In  the  event  of  damage  to  any  coil  of  a tootlied  armature,  it  is  only  neces- 
sary to  cut  otf  such  coil  and  sh[)  a new  one  into  its  place,  the  oi)eration  recpiiring 
hut  a comparatively  short  time.  By  I'eason  of  this  fact  it  is  no  I(»i(jer  necessary 
for  a Central  Station  to  be  at  the  expense  of  keeping  a spare  arnadnre  for  every 
of  a few  coils  answering  the  same  })urpose  and  costing  hut  little. 

All  parts  of  the  dynamo  are  made  to  gauge  and  are  interchangeahle. 

With  the  rapid  growth  of  the  electilc  lighting  industry,  and  the  establish- 
ment of  Central  Stations  to  supply  the  needs  of  our  large  cities,  has  come  a de- 
mand for  a system  of  combined  incandescent,  arc,  and  i)Ower  service,  to  meet 
which  we  have  designed  a line  of  generators  operating  at  the  rate  of  7,200  alter- 
nations per  minute,  10,000  alternations  having  been  our  exclusive  })ractice  in  the 
past.  The  results  accomplished  by  this  reduction  in  the  number  of  alternations 
are  hrietly  as  follows  : 

1.  Following  the  natural  course  of  improvement  in  mechanical,  as  well  as 
in  electrical  design,  has  come  a demand  for  slower  belt  s})eeds,  easy  running 
machinery,  and  great  economy  of  iloor  space.  At  10, 000  alternations  })er  minute 
the  numlier  of  pole-])ieces  re(piired,  in  order  to  materially  reduce  standai'd  s})eeds, 
is  so  great  as  to  make  the  machines  heavy,  cumbersome,  and  ex])ensive,  espe- 
cially if  the  speeds  are  reducih  to  an  extent  which  will  permit  the  direct  connec- 
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tion  of  till©  2;©n©rator  to  tin  ©np^in©  or  tiirbin©  slitift.  This  lattGi  condition  is  one 
requisite  in  order  that  the  niiniininn  door  space  may  he  attained,  and  such  con- 
nection is  in  many  cases  })OssiV)le  with  the  Y,20()  alternation  generators. 

2.  The  activity  exhi])ited  of  late  in  the  utilization  of  water  powers  within 
twenty  miles  of  a market,  for  electric  light  and  power,  demands  a system  of  gene- 
rators which  can  he  used  interchangeal)ly  for  light  and  power  purposes.  The 
7,2()0-alternation  generator  entirely  fuldls  the  requirements  of  this  demand,  it 
being  })erfectly  practical  )le  to  utilize  the  current  for  power  during  the  day  and 
for  liglit  during  the  night. 

2>  111  large  cities  where  the  conduit  system  is  used,  the  expense  attendant 
upon  the  rental  of  ducts  and  the  making  of  underground  coimections,  to  con- 
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Pifi.  5 — Diagram  showing  Incandescent  and  Arc  Lights  and  Power. 

sumers  at  A'arious  points  along  the  line,  is  sucli  as  to  make  it  extiemely  desir- 
able that  currents  for  arc  and  incandescent  lights  and  for  small  units  of  powei 
can  he  taken  from  the  same  circuit  ; in  other  words,  that  the  number  of  wiies  to 
be  ])laced  undei'ground  may  he  reduced  to  a minimum.  AVhile  this  can  he  done 
as  regards  both  the  incandescent  lights  and  power  for  small  motors  on  the 
16,<»i)0-alternation  system,  the  high  numher  of  alternations  when  used  for  arc 
hghting  produces  a slight  hum  in  the  lamps.  On  the  7,2eo-alternation  system, 
however,  a converter  is  introduced,  and  an  arc  lamp,  satisfying  coniniercial  con- 
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ditions  in  every  way,  can  be  employed,  the  Jioise  being  eliminate*!  by  reason  of 
the  fact  that  the  tone  produced  is  so  low  as  to  be  inaudible.  The  accompanying 
diagram  illustrates  the  a])plication  of  the  foregoing  points. 

For  the  utilization  of  water  p<nvers  within  a radius  of  twenty-five  miles 
from  a market,  the  7,200-altem>-hion  generator  furnishes  a ready  method.  In  con- 
nection with  alternating  current  motoi's  of  large  units,  and  by  means  of  an  E.  M. 
F.  of  4.000,  or  5,000  volts,  it  becomes  a very  simple  matter  to  deliver  to  the 

consumer  tlo  per-cent  and  upward  of  the  available  energy  at  the  source  of  j»ower, 
and  this,  too,  wntliout  an  excessive  cost  of  tripper  for  conductors.  The  enormous 
importance  of  these  facts  is  being  rapidly  realized  by  an  alert  jaiblic,  and  the 


Fig.  (!. — Diagram  of  Direct  Current  and  Alternating  Current  Power  Sa^stems. 


grovhli  of  tliis  branch  of  our  Inisiness  during  the  last  year  testities  to  the  favor 
with  which  the  system  has  met. 

In  order  that  the  advance  made  by  this  system  may  l*e  fully  appreciated, 
Ave  insert  a diagram  showing  an  arrangement  for  the  long  distance  transmission 
of  poAver,  that  may  be  considered  the  best  modern  pTactice  up  to  the  time  of  the 
introduction  of  the  synchronous  system.  Experiment  seems  to  sIioav,  that 
owing  mainly  to  the  difficulties  of  commutation,  l,ooo  Amlts  on  a shunt-wound, 
direct  current  generator  is  commercially  the  maximum  limit  of  E.  M.  F.  which 
can  be  allowed.  Therefore,  in  order  to  increase  the  main  line  potential  above 
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this  limit,  and  hi  ing-  the  investment  in  conductors  down  to  a commercially  prac- 
tical)le  point,  tlu'  expedient  ot‘  connecting  two  direct  current  generators  in  series 
has  been  resorte<l  to,  a similar  arrangement  of  motors  being  made  at  the  i)oint  of 
utilization  of  })Ower.  It  has  even  been  ])roposed  by  some  to  use  as  many  as  three 
machines  in  series,  in  order  to  obtain  the  advantages  that  may  he  gained  by  the 
(miployment  of  ifono-volt  currejits  ; hut  such  arrangement  would  coinjdicate  still 
furtlu'r,  a plan  already  defecdive  from  both  a mechanical  and  an  electrical  stand- 
])oint.  As  an  easy  means  of  comparison  we  have  jdaced  beside  the  before  men- 
tioned diagrain,  a diagram  showing  the  synchronous  arrangement,  wherein  hut 
oiK'  genemtor  furnishes  curivnt,  not  oidy  at  ignoo  volts,  which  is  the  limit  of  the 
combination  direct  curiu'ut  system  shown,  hut  (!veu  at  d,ni)(i,  4-, non,  or  r),()()n  volts, 
wher('  tlu'  distance  to  Ix'  cov(‘red  demands  it.  At  any  point  on  this  hue,  where 
the  amount  of  ixtwer  consumed  is  large  enough  to  wai’rant  tlu'  employment  of  a 
competent  attendant,  motoi’s  can  he  taken,  utilizing  the  main  current  without 
t he  interposition  of  any  intermediate  appliances.  From  the  mechanical  and  elec- 
trical standpoint  the  advantages  of  the  synchronous  system  over  the  direct  cur- 
]'ent  systtMU  are  so  obvious  as  t(*  need  little  further  explaiiatiou.  From  a com- 
nunrial  standpoint  the  expense  of  iustalling  two  machines  is  so  great,  wdu're 
oiu'  will  do,  and  of  maintaining  two  sets  of  hearings  and  two  high-class  com- 
mutai.ors,  added  to  the  additional  cost  of  o])erating  two  generators,  that  a- com- 
pany doing  husiut^ss  foi'  protit  cannot  aft'ord  to  consider  it.  The  same  conditions 
obtain  at  the  motor  end  of  the  line  also. 

In  brief,  tht*  synchronous  systf'in  is  simply  th(‘  ordinary  multipF'  arc  distri- 
bution of  power,  which  has  been  uni\a'rsally  ado] )ted  for  local  service,  wherever 
electrical  ])ower  is  sold  fi-om  a Cdmtral  Station.  Its  distinctive  features  lie,  not  in 
the  system  of  distribution,  hut  light  in  the  madiiues  themselves.  The  changes 
in  motor  and  generator,  howi'ver,  ai'i'  so  radical,  and  the  results  obtained  are  so 
far-reaching  in  their  significance,  that  in  the  long-distance  system  for  the  trans- 
mission of  power  in  large  units,  it  is  ditficult  to  recognize  any  feature  of  the  or- 
dinary local  distribution  jilan.  By  (‘iipiloying  an  alternating  current  we  do  away 
with  that  bar  to  high  ]»otentials  --the  conimntator-  and  by  the  use  of  the  toothed 
armature,  wi*  ai'e  enabled  to  insulate  to  jiractically  any  extent  desired.  Of 
course,  the  design  and  construction  of  a high-grade,  efticient,  alternating  current 
motor,  has  been  the  key  to  thi'  whole  situation,  hut  this  being  accomjdished, 
there  is  no  longer  any  ditficulty  to  he  overcome,  either  mechanical,  electrical,  or 
commercial. 

We  desire  to  affi^rd  the  advantages  of  late  improvements  to  those  who 
have  paid  us  the  compliment  of  purchasing  our  a])]»aratus,  and  who  ai‘e  now 
using  the  old  reliable  l<),non-altei‘natious  generator  with  smooth  body  armature. 
With  that  end  in  view  we  are  ])repared  to  reconstruct  any  machine  of  the 
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Fig  7. — .Standard  Switchboard  for  three  Dynamos  and  Six  Feeders, 


smooth  armature  type.  In  such  reconstruction  we  can  increase  the  dynamo 
output  from  40  to  00  per  cent,  according  t(*)  the  size  of  the  machine  so  recon- 
structed. The  advantage  of  increasing  tlie  capacity  of  a station  without  a re- 
arrangement of  machines,  or  even  changing  the  dimensions  of  the  dynamo 
foundations,  will  he  at  once  appreciated.  The  only  alterations  are,  of  course, 
those  relative  to  an  increase  of  engine  and  l)oiler  ca])acity,  where  necessary, 
even  the  latter  being  avoided  l)y  the  use  of  compoimd  engines.  We  desire  to 
call  the  very  particular  attention  of  every  one  using  Westinghouse  alternating 
machinery  to  this  matter,  and  we  solicit  correspondence  on  the  subject. 
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Following  the  natural  course  of  the  current  after  leaving  the  generator, 
the  next  item  for  consi<leration  is  the 


Switchboard. 

The  illustration  shows  a standard  V)oard  arranged  for  three  dynamos  and 
six  feeders.  It  is  a well-recognized  and  acknowledged  fact  tliat  this  company 
has  given  a much  larger  share  of  attention  to  the  manipulation  of  currents  after 
they  leave  the  generator  than  has  any  other  manufacturer,  and  as  a consequence 
our  indicating,  regulating,  and  controlling  de^dces  are  correspondingly  more  com- 
plete. Only  those  who  have  to  satisfy  the  demands  of  an  exacting  public  can 
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appreciate  tlie  value  of  having  all  currents  entirely  and  al)solnt(dy  under 
control. 

A brief  description  of  the  plans  and  purposes  of  the  standard  switchboard 
will  suffice.  At  the  left  of  the  hoard  are  shown  tlie  dynamo  and  exciter  rheo- 
stats, surmounted  l)y  an  ammeter  for  each  main  circuit.  To  the  riglit  of  the 
hoard  are  the  feeder  devices,  there  being  one  panel  for  eacli  feeder.  All  connec- 
tions are  liack  of  the  hoard,  which  .stands  out  from  the  wall  far  enough  to  he 
readily  accessible  from  behind.  Every  part  which  has  to  do  witli  the  higii  })oten- 
tial  currents  is  thoroughly  insulated  by  non-comhnstihle  material.  It  is  im- 
possible to  get  a severe  shock  from  tlie  front  of  this  switchboard,  and  by  a 
simple  arrangement  of  jdngs  and  cables  any  combination  of  feeders  may  lie 
run  from  any  combination  of  dynamos.  An  indefinite  extimsion  of  the  hoard 
as  to  the  nnnil)er  of  dynamos  and  nnmher  of  feeders  in  no  way  interferes  with 
this  perfect  flexibility.  When  tlie  station  load  is  small,  all  of  the  snpjdy  circuits 
may  he  fed  from  one  generator,  and  as  the  load  increases  one  by  one  these  cir- 
cuits may  he  transferred  to  any  dynamo  in  the  station  by  simply  .setting  the 
proper  plugs  and  throwing  over  the  feeder  switch. 

A voltmeter,  with  its  accompanying  converter  and  compensator,  is  shown 
above  each  feeder  ]»anel.  and  lieloweadi  panel  is  reserved  a.  s[)a,ce  where,  if  neces- 
sary, a Stillwell  Regulator  may  lie  put. 

Several  of  these  instruments,  being  ])ecnhar  to  our  system  and  having 
marked  advantages,  nu'rit  close  attention. 

Id'ohahly  in  no  single  instance,  where  the  snp]»ly  circuits  have  been 
carefully  calculated  on  the  lines  of  prospective  custom  and  erected  with  a 
view  of  securing  a uniform  loss  in  pressnri',  has  custom  increased  in  exactly 
the  localities  ex})ected,  and  to  the  extent  estimated  upon.  The  I'e.snlt  is  a 
variation  in  liiie  loss  for  different  sn})ply  circuits,  and,  assuming  a uniform 
potential  at  the  station,  there  is  a conse([nent  diversity  of  candle  })ower, 
which  will  he  exactly  in  })ro})ortion  to  the  variation  in  the  line  loss  multiplied  l)y 
five  —that  is  to  say,  according  to  the  w-ell-known  law,  (within  the  ordinary  limits 
of  service),  an  incandesceiR  lamp  varies  a p('i'-cent  in  candle  power  for  every 
1 ])er-cent  variation  in  electro-motive  force.  Added  to  thc^  foregoing  facts,  it  is 
nearly  always  the  cas('  that  the  heaviest  loads  will  occur  on  one  or  more  circuits 
at  a tiuK^  when  the  other  circuits  a, r(M;aiTying  hut  a [)artia:l  load.  This  state  of 
affairs  .still  further  increases  the  variation  in  E.  M.  F.,  and  conse([nently  in  the 
candle  ])ower  of  liglds  on  different  ])arts  of  the  system.  The  old  method  of  run- 
ning small  wires,  (so  called  “ ])ressni'e  wires  "(hack  to  the  station  from  ])ointsont 
on  the  line,  in  order  to  determine  the  voltage  at  such  points,  is  unsatisfactory, 
and,  if  carried  out  in  a,  thorough  manner,  very  ex]»ensive.  To  remedy  this  diffi- 
culty we  have  introdncc'd  the  Clonn)ensator  and  the  Stillwell  Regulator-. 
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/pl^e  (^ompensatef. 

Tlie  Compensator  is  an  induction  coil,  so  designed  and  adjusted  tliat  when 
idaced  on  a supi)ly  circuit  in  the  station  and  connected  in  series  with  tlie  volt- 
meter, it  will  introduce  an  artificial  inductive  resistance  in  the  voltmetei'  circuit, 
and  will  thereby  cause  a drop  corresponding  exactly  to  the  drop  existing  in  that 
sup])ly  circuit,  at  all  times.  The  result  is,  that  tlie  station  voltmeter  indicates  an 
electro-motive  force  cori'esponding,  not  to  that  in  the  station,  hut  to  tliat  at  tlic‘ 


Fig.  8. — Thk  Compensator. 

lamps,  distrihuted  on  the  i)remises  of  the  consumer.  Knowing  the  conditions 
at  all  points  on  his  circuits,  iu  order  to  give*  ]»erfect  service,  it  onlyhecomes  neces- 
sary for  tip'  attendant  to  have  at  hand,  meaiis  for  equalizing  tlie  pressure. 
These  means  ai'e  found  in 

fppe  Stillwell  l^G^ulatot. 

This  instrument  consists  of  a converter  armiiged  with  a secondary  coil 
adjustable  iu  length,  the  electro-motive  force  at  the  terminals  of  which  is  added 
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to  the  ])riniaiy  electro-motive  force  of  tlie  supply  ciT’cnit,  to  Avhich  the  instru- 
ment is  attached.  Within  the  limits  of  the  voltage  tlms  added,  therefore,  the 
electro-motive  force  of  this  sn}»])ly  circuit  is  snhie(d  to  tlie  most  delicately  shaded 
adjustment,  indei)endent  of  whatevei'  may  ho  tlu^  ])otential  at  the  dynamo  ter- 
minals. It  is  therefore  our  practice  to  liav»*  s(ua'ral  sup[)ly  circuits,  taking  cur- 
rent from  the  same  generator,  and  altlmngli  (‘acli  may  Ite  opemted  at  a different 
percentage  of  loss,  the  lamps  are  all  of  a mdfoi  iii  voltage  ami  hiilliancy. 


Fro.  n. — The  Stilicvei.l  Reotilator. 


Wliile  in  a lai'ge  city  station  it  is  cnstomaryh)  ecpiip  every  feeder  with  a 
Stillwell  Regulator,  in  many  smaller  stations  the  demands  of  custom  do  not  re- 
quire it,  nor  will  the  extent  of  husiness  done  warrant  the  additional  expense.  It 
is,  nevei’theless,  a fact,  that  in  the  majority  of  stations,  however  small,  there  is 
a certain  amomd.  of  custom,  frerpiently  in  a,n  adjoining  village,  some  two  or 
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three  miles  away,  or  in  an  outlying  mill  or  factory,  which  can  he  obtained  for 
the  asking,  and  whit^h  will  yield  a handsome  profit  if  it  can  be  i-eached  without  a 
disproportionate  outlay  for  c(')nduct(^rs.  For  such  cases  as  these  the  Stillwell 
Regulator  is  of  great  value.  A sample  case  will  best  illustrate  its  apjdication. 


Fig.  10. — Marble  Switchboard  Sectiox  Type  B. 


Let  us  assume  a station  operating  under  ordinary  conditions  with  a 2^  per-cent 
loss  in  its  feeders  and  1 per-cent  in  its  mains,  the  territ(^ry  su])plied  lieing 
within  a radius  of  one  mile  from  the  station.  Let  us  further  assume  that  there 
is  a point  two  and  one-half  miles  distant  where  can  be  secured  an  additional  5UU 
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lights.  In  order  operate  them  by  the  same  dynamo,  winch  furnishes  current 
t(j  the  local  circuits  and  without  the  Stillwell  Kegnlator,  it  will  be  necessary  to 
have  a loss  in  the  feeder  line,  not  to  exceed  that  in  the  local  lines;  viz.,  '■1^  per 
cent.  This  would  necu'ssitate  two  circuits,  equivalent  to  one  of  No.  0000  and  one 
of  No.  2,  B.  & 8.  gauge  wire — hve  miles  of  each  size — which,  with  insulated 
wire  at  is  cents  per  ])Oiuid,  will  cost  a|t])roxiniately  84,550.00.  Now  let  ns 
attach  a lo  per-cent  Stillwell  Kegnlatoi',  and  we  can  ahow  a loss  of  10  per-cent 
in  the  long  feeder  in  addition  to  that  already  existing  in  the  local  feeders,  or  a 
t(hal  of  124'  per  cent  in  all.  This  permits  the  use  of  a No.  2 Brown  & Sliar})e 
gauge  wire,  costing  approximately  Sl,15o.oo.  Add  the  cost  of  the  Stillwell 
Kegnlator  (.S20(».oo),  making  81.450. oo  in  all,  and  we  have  84,550.00  — $l,d50.oo 
= $3,100.00,  the  net  saving  effected  by  using  tlie  instrument. 

We  desire  again  to  call  attimtion  to  tlie  fact,  that  the  princi})le  underlying 
the  construction  of  these  instruments,  is  dependent  upon  the  use  of  the  alter- 
nating current,  and  that  the  devices  named  are  not  applicable,  in  any  way,  to 
direct  current  machinery.  Further,  both  tlie  Compensator  and  Stillwell  Kegu- 
lator  ai’e  hrcjadly  covered  l)y  ])atents  and  are  assured  to  users  of  Westinghouse 
machinery  only. 

For  voltages  of  over  2,ooo,  we  can  offer  onr  mar])le  panel  l)oard  Type  “ B,” 
a small  })art  of  which  is  shown  in  Fig.  lo.  AVitli  thisty])e  it  is  iuq)ossihle  to  get  a 
shock  from  the  front  of  the  hoard.  All  the  parts  are  v(uy  highly  insulated,  and 
by  the  use  of  the  double  })anel,  as  in  T\yp(‘  “ A,’'  the  third  dimension  is  made  use 
of  and  great  ec(jn(.)niy  in  wall  area  is  secured. 
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^pi7G  (^onOerter. 


HE  Converter  may,  perhaps,  be  said  to  1)6  the  emblem  of  the 
alternating'  current  system  of  distribution.  On  its  design  and  con- 
strnction  have  been  bestowed  the  united  efforts  of  the  best  elec- 
trical talent  of  the  age.  Being  placed,  as  it  is,  on  or  near  the  pre- 
mises of  every  consumer,  and  subject  to  no  care  or  attention,  it  is  essential  tliat 
file  very  greatest  ])recantion  be  taken  to  insure  a dnralde,  reliable,  and  safe  article. 

Briefly,  the  converter  consists  of  two  adjacent  and  parallel  coils  of  wflre, 
separated  from  each  other  l)y  insulation  and  interacting  wholly  l)y  induction. 
The  primary  coil  receives  current  direct  from  the  dynamo;  the  secondary  coil 
receives  no  current  from  tlie  i)riniary  coil,  but  has  generated  within  it  l)y  induc- 
tion a secondary  current,  entirely  distinct  from  the  current  generated  by  the 
dynamo.  The  potential  of  this  secondary  cnrreiit  depends  upon  the  relative 
proportions  of  the  two  coils.  If  the  length  of  wire  in  each  coil  were  the  same, 
file  }»otential  of  the  secondary  current  would  be  the  same  as  that  of  the  primary 
current.  If  tire  leiigtli  of  wire  in  the  secondary  is  one-twentieth  of  that  of  the 
])riniary  coil,  the  })otentialof  the  secondary  current  will  likewise  l)e  one-twentieth 
of  that  of  the  primary  current.  This  ratio  is  the  one  employed  in  our  standard 
system,  using  l.oot)  v(rlts  primary  and  50  volts  secondary.  It  is.  however,  as 
will  readily  be  seen,  ]>erfectly  practicable  to  vary  the  ratio  between  the  lengths 
of  wire  m the  two  coils,  and  to  produce  a cm  rent  of  any  electro-motive  force 
whatever,  the  limitations  oifly  being  the  mechanical  ones  of  insulation  and 
design. 

'I’liat  our  c(.)nverter  has  stood  the  test  of  time  and  secured  the  stamp  of 
]»nblic  ap})r()val,  is  attested  by  the  fact  that  with  nearly  1,000, ooo  sixteen-candle- 
[)()wer  laniiis  ca[»acity  now  in  use,  and  increasing  by  a najiithly  output  (jf  over 
L>o. 000  lights,  we  have  yet  to  hear  of  the  first  fatality  Ijy  reason  of  faulty  con- 
struction. Further,  there  is  returned  to  us  for  re])airs  annually,  less  than  one-half 
of  one  per-cent  of  the  capacity  of  the  converters  in  use.  A large  part  of  this 
remarkable  record  may  be  justly  credited  to  our  careful  method  of  construction 
and  insulation  of  the  cods.  This  is  identically  the  same  as  that  adopted  in  the 
construction  of  coils  for  the  toothed  armature — namely,  each  coil  is  lathe- 
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wound,  aiul  in  addition  to  being  insi dated,  layer  l)y  layer,  as  the  wire  is  taken 
from  the  reel,  tliere  is  a final  insnlati<»n,  consisting  of  specially  prepared  tape, 
wound  in  a.  direction  perpendicular  to  the  lengtliof  the  wire.  This  jirocess  being 
broadly  covered  l)y  i»ateiits,  all  other  makers  of  converters  are  obliged  to  adopt 
the  ])lan  of  winding  one  coil  directly  upon  the  other,  upon  the  same  lathe.  This, 
of  course,  is  done  with  the  wire  under  strong  tensioii,  and  tlie  result  is  to  jait  an 
enormous  pressure  upon  whatever  insnlation  is  placed  between  the  primary  and 


Fig.  11.— The  Converter,  Complete. 

secondary  coils.  The  reader  will  readily  apiireciate  this  if  he  will  take  a piece 
of  string  and  wnnd  it  aliont  his  finger,  with  even  a moderate  uniform  tension. 
The  hearing  of  this  point  upon  the  life  of  a converter,  upon  the  safety  of  the  con- 
sumer who  uses  it,  and  upon  the  amount  of  repair  liills  can  hardly  be  over-esti- 
mated. If  <3ne  thing  is  more  important  than  another,  it  is  that  the  insulation 
between  the  primary  and  secondary  coils  should  be  absolute,  and  this  we  com- 
jiletely  accomplish. 


Two  illustrations  of  a converter  are  here  sIkjwii  ; First,  the  convei-ter  com- 
plete, ready  tor  service,  and.  Second,  the  converter  with  the  front  jilate  and  fuse 


block  removed,  showing  the  arrangement  of  fuses.  The  converter  lid  is  attached 
by  a chain  and  cannot  fall  when  removed.  Immediately  beneath  that,  is  the 
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porcelain  fuse  Mock,  which  is  lifted  off  by  the  lineman,  if  it  l)ecomes  necessary 
to  insert  new  fuses.  When  this  block  is  off,  the  converter  is  out  of  circuit  and 
the  fuses  can  be  inseifed  with  ease  and  safety.  Any  one  who  has  had  a fuse 
blow  in  a converter,  u})  under  the  eaves  of  a second-story  house  on  a rainy  night, 
will  understand  the  advantages  of  this  method  of  fusing  and  the  safety  assured 
to  the  liueman. 

Efficiency  and  regulation  of  the  converter  are  of  the  utmost  importance  as 
hearing  on  the  dollars  and  cents  side  of  the  operation  of  a station.  A brief  ex- 
planation of  the  characteristics  of  the  converter  and  a definition  of  these  much- 
discussed  terms  may  not  he  out  of  place  here. 

'fhe  function  of  tlie  converter,  as  has  been  already  i)ointed  out,  is  to  re- 
duce the  com[)aratively  high  ])otential  of  tlu'  })riniary,  or  distributing  circuit,  to 
the  coni[)ai'atively  low  ])otential  of  tlie  secondary,  or  lanii)  circuit.  This  reduc- 
tion in  ]M>tential  is  of  course  accom}»anied  by  a corresponding  increase  in  current 
strength  ; that  is  to  say,  if  under  a })ressure  of  l,<)on  volts  a current  of  one  ani- 
])ere  Hows  through  the  primaiy  coil  of  a converter  whose  ratio  is  I : lo,  the  cur- 
rent in  the  secondaiy  coil  will  be  b*  amperes  and  the  difference  in  i)otential 
across  its  terminals  loo  volts.  If  now  tht‘,  primary  current  be  doid)led,  the  sec- 
ondaiy current  will  be  doubled  also,  or  vice  versa.  A converter  therefore 
tends  to  reduce  the  potentiai  in  a detinite  ratio  and  independent  of  its  load. 

Efficaency  is  the  relation  of  the  convertei'  output  to  the  electrical  energy 
delivered  to  its  ]»rimary  coil.  A jierfectly  efficient  converter  woidd  deliver  all 
the  energy  that  it  received.  Perfect  efliciency  is  not  attainalde,  however,  on 
account  of  certain  necessaiy  losses  which  are  due  to  two  causes.  First  there  is  a 
loss  ill  the  coils  of  a converter,  due  to  the  passage  of  current  through  them. 
This  loss  vaiies  as  tlie  square  of  the  current  flowing,  and  disajiiiears  entirely 
when  there  is  no  load  on  the  converter.  Second,  there  is  a loss  in  the  iron  of  the 
converter,  resulting  from  the  ra^iid  reversal  of  magnetization.  This  loss  is  prac- 
tically the  same  at  all  times,  whether  the  converter  is  loaded  or  not.  Its  exist- 
ence is  indicated  by  a very  slight  flow  of  current  through  the  primary  of  the 
converter  when  there  is  none  at  all  flowing  in  the  secondary.  Leakage  current 
is  the  term  commonly  given  to  the  primary  current  flowing  under  these  condi- 
tions. To  keep  down  loss  in  the  iron  is  usually  of  greater  importance  than  to 
reduce  that  in  the  copper,  as  the  former  is  almost  a maximum  continuously, 
wliile  the  latter  is  comparatively  small  except  during  the  usual  short  period  of 
fidl  load.  In  designing  our  converters,  therefore,  special  attention  has  been 
given  to  the  minimizing  of  this  iron  loss.  The  iron  loss  depends  iirimarily  upon 
three  things,  viz.  : (a)  The  inductive  strength  of  the  magnetization  ; {b}  the 
amount  of  iron  used  ; and  (c)  the  quality  of  the  iron  used.  The  first  two  points 
have  been  carefully  considered,  and  the  present  design  and  proportions  have 
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been  di'tennined  after  prolonged  and  painstaking  investigation  and  experiment. 
Aided  by  onr  long  ex})erience  and  the  enormous  output,  u^joii  which  to  note 
results,  the  highest  state  of  ])ractical  and  theoretical  excellence  has  been  attained. 
This  statement  is  of  course  very  broad,  but  it  is  nevertheless  confirmed  by  au- 
thorities, and  may  be  logically  deduced  from  i)ractical  daily  results  throughout 
the  various  cities  and  towns  using  our  apparatus.  After  spending  a great  deal 
of  time  and  money  in  investigations  of  the  third  consideration,  one  particular 
grade  of  steel  jdates,  made  aftm-  our  own  formula,  has  been  found  to  produce 
tbe  best  results.  Tins  steel  is  now  made  particularly  and  exclusively  for  us, 
and  is  so  uniform  in  composition  tliat  c(»i  verier  cores  made  from  it  will  not  var/j 
in  effcienc/j  to  any  appreciahte  e.rtent.  We  consider  these  results  as  being  of 
tbe  greatest  importance  to  our  customers. 

Perfect  regulation  would  recpiire  that ; given  a constant  potential  at  the 
tei-minals  of  the  ])rimary  coil,  the  potential  at  the  terminaLs  of  the  secondary 
coil  should  remain  absolutely  constant  throughout  all  variations  of  load  within 
the  limits  of  the  c-onverter  capacity.  8uch  a condition  is  im})ossihle,  but  the 
importance  of  securing  good  regulation,  aside  from  the  satisfaction  of  rendering 
])erfect  service  to  the  consumer,  is  made  apparent  when  we  consider  the  fact, 
that  within  commercial  limits,  the  life  of  the  average  incandescent  lanii)  is  short- 
ened 1.5  per-cent  for  every  1 ]>er-cent  in  electro-motive  force  above  normal  at 
which  it  may  be  operated  ; that  is  to  say,  if  a lamp  rated  at  50  volts  and  having 
a life  of  0(H)  lionrs  at  that  voltage,  should  l)e  run  continuously  at  51  volts,  or  2 
per-cent  high,  its  life  would  be  shortened  to  030  hours.  Every  additional  i)er- 
centage  of  drop  in  a converter,  therefore,  results  in  so  much  dead  loss  to  the  ope- 
rating company  in  lamp  renewals,  and  the  question  of  jairchasing  poor  convert- 
ers at  a ])Ossible  saving  in  first  cost,  is  one  which  a station  operated  for  profit 
cannot  atford  to  consider. 

By  reason  of  the  method  of  winding  converter  coils  above  referred  to,  it  is 
possible  to  use  the  greatest  care,  and  to  insulate  not  only  for  1,()0()  and  2,000  volts, 
but  for  much  higher  potentials. 

In  addition  to  the  sizes  tabulated  on  page  30,  we  make  also  a full  li)ie  of 
converters  for  raising  the  initial  electro-motive  force  of  any  supply  circuit  to  a 
higher  })otential,  where  a particularly  long  distance  is  to  be  covered,  and  also  for 
reducing  tbe  electro-motive  force  of  3,ooo,  1,000,  or  5,ooo  volts  to  l,OO0  volts, 
for  the  puiqHjse  of  ordinary  distribution  where  the  current  has  been  transmitted 
over  very  long  distances  at  these  high  potentials.  We  make  also  special  convert- 
ers of  any  capacity  and  ratio  of  reduction. 

An  important  adjunct  to  the  standard  commercial  system  is  the  shunt  box 
foi  incandescent  street  lighting.  The  use  of  mcandescent  lamps  for  the  lighting 
of  streets  is  now  very  general,  iiarticularly  where  many  trees  are  present  whicb 
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Mandat'd  (;or(\)ertet^. 


Tkadk 

Capacity  im 

Watts. 

PlilMAKV 

E.  M.  F. 

Secondary 

E.  M.  F. 

Secondary 

Current. 

W EIGHT. 

Weight 

Boxed. 

1 

250 

1000 

100 

24 

42 

54 

50 

5 

2 

500 

1000 

100 

5 

58 

72 

50 

10 

2000 

100 

5 

50 

10 

4 

1000 

1000 

100 

10 

83 

lOO 

50 

20 

2000 

100 

10 

90 

107 

50 

20 

(j 

1500 

1000 

100 

15 

110 

137 

50 

30 

2000 

100 

15 

103 

130 

50 

30 

8 

2000 

1000 

100 

20 

1.53 

188 

50 

40 

2000 

100 

20 

1.50 

185 

50 

40 

10 

oOOO 

1000 

100 

30 

165 

212 

50 

6(,) 

2000 

100 

30 

50 

60 

k; 

4000 

1000 

100 

40 

210 

270 

50 

80 

2000 

100 

40 

50 

80 

2(1 

5000 

1000 

100 

50 

250 

325 

50 

100 

2000 

100 

50 

50 

100 

25 

6250 

1000 

100 

62.5 

310 

384 

50 

125 

2000 

100 

62.5 

50 

125 

would  l)reak  arc  light  rays  and  cast  heavy  shadows.  It  is  generally  conceded  that 
for  a given  aini.)unt  of  money  the  mnnicipal  authorities  of  a towai  can  obtain  a more 
general  and  thorough  illumination  of  the  shaded  streets  by  the  use  of  incandes- 
cent lights  than  they  can  by  the  use  of  arc  lamps,  although  there  \\hll,  of  course, 
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Fig.  13.— -Kaisixg  Uonvekters. 


1)0  at  iiG  point  anx-thing  approaching  the  hrilliancy  of  an  arc  liglit.  The  shnnt 
l)ox  is  a (levica*  which  is  connected  in  i)arallel  witli  eacli  i!.5-can(lh‘-i)ower  50-volt 
lamp,  a sntficient  nnniher  of  these  lamps  lieing  connected  in  series  to  makenj)  the 
total  ’voltage  of  the  supply  circuit  to  which  they  are  attached.  F<;)r  exani2)le,  in 
the  ordinary  l.ooo-volt  circuit,  ndth  3 ])er-cent  loss  in  the  line  and  3 per-cent  loss 
in  the  converters.  re(piiring  l.oco  volts  at  the  tei-minals  of  the  machine,  twenty- 
one  .lo-volt  lamps  will  lie  })ut  in  series  with  twenty-one  shunt  boxes,  one  con- 
nected in  parallel  witli  each  lam]).  A ])ercentage  of  current,  even  smaller  than 
tho  leakage  current  of  an  ordinary  converter,  is  sufficient  to  kee])  the  shnnt  hox 
ciiarged,  and  to  create  a counter  electro-motive  force,  wliich  jire vents  the  main 
current  from  passing  through  the  hox  as  long  as  its  lani])  is  in  circuit.  Instantly 
u])on  the  hreaking  or  removal  of  any  lamp,  its  (■orres])onding  hox  is  resolved  into  a 
sini])le  leaction  coil,  vhich  takes  the  ])lac'(*  of  the  lain])  resistance,  and  ])revents 
damage  to  the  other  lanpis  remaining  in  circuit.  In  fact,  after  three  lamps  in 
the  twenty-one  have  lieen  liroken  or  removed,  the  action  of  the  shunt  boxes  is  to 
take  care  of  more  than  their  share  of  the  electro-motive  foi’ce,  so  that  the  remain- 
ing lam])S  get  rather  less,  instead  of  more  than  their  noi'inal  ])ressnre.  and  are 
piotected  fiom  any  excessive  currents  which  mav  (iccnr.  (In  the  snl)stitnti<in  of 
a nev  lani])  for  a broken  one,  the  shnnt  box  immediately  resumes  its  fomier  con- 
dition vdthont  any  adjustment  whatever.  This  system  affords  a very  sim])le  and 
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complete  method  of  street  lighting  and  one  which  requires  but  little  care.  One 
end  of  a series  loop  may  l)e  attached  to  the  main  siii)ply  circuit  at  any  }ioint,  and 
the  other  end  of  the  loop  at  any  other  point,  not  necessarily  in  the  same  ])art  of 
town,  it  being  only  required  that  lioth  eJids  of  the  loop  sliall  be  attached  to  mains, 
supplied  by  the  same  dynamo  and  connected  to  different  terminals  of  the  machine. 

Where  a smallei'  number  than  twenty-one  lights  is  to  be  used,  a converter 
to  reduce  the  electro-motive  force  from  1,000  volts  to  that  corresponding  to  the 


Fio.  14. — Street  Shunt  Box. 

numlier  of  lamps  to  be  used,  can  be  employed.  In  view  of  tlie  fact,  tliat  witli  tlie 
incandescent  system,  munici{)al,  commercial,  and  domestic  lighting  may  be  all 
done  from  one  dynamo  and  one  set  of  su])ply  circuits,  a considerable  saving 
botli  in  first  cost  and  subsecjuent  operating  expenses  is  easily  effected  by  its  use. 
VVliere  an  inex])ensive  and  conq)lete  system  is  desired,  tins  apparatus  can  sue 
cessfully  meet  all  re(|uirements. 


§l^allenber|er  Meter. 


HE  meter  has  come  to  he  almost  as  well  a recognized  adjunct  to 
incandescent  lighting  as  has  the  lani|»  itself,  and  while,  as  is  the 
case  with  every  radical  departure,  the  introduction  (^f  the  meter 
system  was  at  first  looked  upon  with  suspicion,  there  is  now  no 
longer  any  question  that  its  use  is  not  only  advisable  hut  essential  to  the  proper 
and  economic  operation  of  a Central  Station  f(^r  both  domestic  and  commercial 


Fig.  15.— The  Shallenberger  Meter. 


service.  The  old  time  method  of  selling  electricity,  for  so  much  per  lamp  per 
month,  was  a necessary  condition  acconi})anying  the  introduction  of  electricity 
as  an  illuminant,  before  a satisfactory  meter  had  been  devised.  Now  that  the 
necessity  for  this  condition  of  affairs  has  been  removed,  the  complete  transfer 


from  tlie  contract  to  the  meter  basis,  wliich  has  already  ])rogressed  to  such  a 
large  extent,  is  only  a question  of  time,  and  a very  short  time  tocr  The  Shallen- 
berger  Alternating  Cnrrent  Meter,  shown  in  the  foregoing  illnstration,  is  in  use 
to  the  extent  of  nearly  one  million  hl-candleqxtwer  lamps  ca})acity.  It  com- 
bines the  advantages  of  acciiracy,  durability,  simplicity,  and  a price  which  pnts 
it  witliin  the  reach  of  all. 

'I’he  jtrinciple  upon  whicli  tlie  motor  o])ta’at('s  was  introduced  to  tbe  jtuldic 
by  th('  metoi'  itself,  tmd  nuirks  ;i  most  radical  dt'i)artur('  from  ]»i'ovious  methods. 


Kkj.  IC).  -The  Shallenberoer  Meter  with  Case  Removed. 

The  meter  is  a direct  reading  instiTiment,  recording  tlie  amount  of  current  which 
is  passed  through  it  on  a.  dial,  presenting  much  the  same  appearance  as  tliat  of 
an  ordinary  gas  meter.  The  unit  of  measure  is  the  “ampere  hour,"  a term 
meaning  the  passage  of  one  ani})ere  of  current  past  a certain  jtoint  continnonsly 
for  one  hour  of  time.  In  view  of  the  fact  that  a Sawyer-Man  lO-candle-power 
5()-volt  lamp  consumes  hut  from  5 to  8 per-cent  more  than  one  ampere  of  current, 
the  employment  of  tlie  ampere  hour  as  a unit  furnishes  a ready  method  by  which 
a consnmer  may  at  any  time  test  the  accuracy  of  his  meter. 

M^ith  the  excejition  of  a light  train  of  gears,  constituting  the  recording  de- 
vice m the  meter,  the  only  filction  in  the  instrument  is  that  between  the  lower 
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end  of  the  upright  steed  spindle,  wliicli  is  liardened  and  ])o]ished,  and  tlie  jewelled 
bearing  on  wiiich  this  spindle  rests. 

We  regret  that  it  is  ini|»ossihle  to  descrihe,  in  po])nlar  terms,  the  action  of 
the  meter  itself  ; but,  at  the  risk  of  being  somewliat  teclmical,  we  will  endeavor 
to  outline  its  nudliod  of  operation,  d’he  meter  is  connected  directly,  in  series, 
witli  eithei’  side  of  tlie  lamp  circnit,  and  the  kxtike  ciUKKENT  to  be  measured 
])ass(^s  tbrongh  a few  turns  of  heavy  wire,  inside  of  which,  and  at  an  angle  of 
apj)roximahdy  tr)°.  is  placed  a.  closed  C()})per  coil.  Inside  this  coil  again  is  a thin, 
horizontal  metallic  disc,  monnted  n})on  an  upright  spindle  which  is  connected  at 
its  n])pei‘  end  with  a train  of  recording  gears  and  e(pnp]H‘d  near  its  lower  extrem- 
it}"  with  a S(‘t  of  foni'  alnminnm  fan  blades. 

When  an  altei'iiating  curi'ent  passes  throngli  the  ])i'iniary  coil  of  heavy 
wire,  an  alternating  field  of  forc.(‘  is  devadoped  in  the  direction  of  the  axis  of  the 
j»rimary  coil.  At  the  same  time  altei-nating  currents  an'  induct'd  in  the  sccon- 
tlary  closed  copper  coil,  and  thest^  induct'd  cnrrents  develo[)  another  held  of  ftti'ce 
in  tilt'  direction  of  the  axis  of  the  secondary  ctdl — that  is  to  say,  at  an 
anglt'  to  the  hrst.  'these  two  altt'rnating  helds  of  force  comliine  tn  prtxlnce 
a resultant  held  ; hnt  as  tlie  altt'rnations  of  the  two  are  not  coincitlent  in  time, 
the  directitin  of  maxininm  effect  tif  the  resultant  held  is  constantly  shifting  or 
moving  forward,  and  wdiat  is  termed  a revidving  field  is  jirodnced.  The  metal- 
lic disc  and  its  siiindle  tend  to  revolve  in  unison  with  the  revolving  held,  but  a^ 
certain  amonnt  of  I'etardation  is  caused  by  the  fan  blades,  and  as  a result,  the 
S])eed  of  rotation  is  in  exact  pro})0]tion  to  the  vcdnme  of  current  passing  tbrongh 
the  instrument.  The  action  just  described  depends  upon  a principle,  which, 
while  not  as  widely  known,  or  as  thoronghly  nnderstood  as  many  others,  is  as 
ahsolnte  as  is  the  law  of  gravitation  itself,  and  it  is  therefoi-e  only  necessary  that 
the  length  of  wire,  the  material  of  the  disc,  and  the  gen<*ral  j)ro})ortions  of  the 
meter  be  })roperly  designed,  in  order  that  the  current  passing  may  be  at  all  times 
legisterc'd  with  absolute  accnracy.  In  practice  there  are  mechanical  elements 
which  make  it  necessary  to  allow'  for  a certain  vai'iation.  The  limit  of  this  has 
been  fixed  at  H per-cent  from  zero,  and  eveiy  instrnment  made  is  thoronghly 
tested  and  mnst  record  accnrately  within  this  limit,  before  it  can  be  shi]ij)ed  from 
the  factory.  The  ])resent  sizes  made  have  res[)ective  capacities  of  lo,  :>o,  h),  so, 
and  120  amperes.  They  are  provided  with  stont  iron  cases,  can  he  readily  con- 
nected to  the  wares,  and  sealed  to  prevent  nnanthorized  interference.  An  im])or- 
tant  point  m this  connection,  is  the  fact  that  the  meter  may  he  tested,  closed,  and 
seak'd  in  the  station  by  the  superintendent,  and  cannot  be  opened  by  the  lineman 
or  customer  after  being  taken  from  the  station.  The  lineman  on  his  paid,  if  so 
instrncted,  caii,  after  making  connections,  replace  and  seal  the  small  cap  on  the 
top  of  the  instrument,  so  tliat  the  connecticjns  themselves  cannot  be  tam})ered 


with.  The  meter  is  connected  directly  to  one  side  of  the  secondary  circuit,  it 
being  immaterial  to  which  side.  Therof ore,  the  chances  of  mistake  are  reduced 
to  a minimnm.  This  meter  re(iiiires  almost  no  attention,  has  no  hrnshes  to 
weai-  oi-  change  in  tension,  no  i)ormanent  magnets  to  deteriorate,  and  no  nn- 
certain  chemical  elements  to  render  its  record  nnreliahle.  These  facts  ]»lace  it 
at  once  and  easily  foremost  and  alone  as  ahsohitely  tlie  hest  meter  made.  This 
has  been  recognized  by  the  London  Board  (»f  Trade,  which,  after  a most  rigid 
sei'ies  of  examinations  and  tests,  has  authorized  its  ado])tion  as  a standard 
instrnrnent.  This  seal  of  api»roval,  coming  from  sncli  an  eminent  body,  is  only 
an  additional  proof  of  the  superiority  of  the  meter.  It  is  interesting  tt)  note, 
moi'eover,  that  the  Shalleiiherger  meter  is  the  only  oiu^  to  receive  the  olhcial 
api»roval  of  the  body  named. 
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Isamps,  §ocl^6ts,  §Witcf^(s,  ar|,d  Subbli^s 


S sani])les  of  tli(^  smaller  details  which  go  to  make  tlie  complete  sys- 
tems, we  ilhistrate  a numher  of  switches,  lam[)S,  fittiiigs,  etc., 
taken  at  random  from  onr  stock.  The  sanu;  carefid  attention  to 
mechanical  design,  neativess,  and  hnish,  has  been  given  to  these, 
smaller  parts  as  is  l)estoAved  on  the  large  pieces 


Fio.  17. — (Irocp  of  L.vmcs. 

W e fnrnish,  through  th*'  medinm  o(  our  associates,  the  Sa wvf'f-Ma.tv  hdec 
trie  Company,  of  New  York  Chty,  a.  fnll  lim^  of  all  sizes  of  inc'.andestu'nt  lamps  and 
wiring  supplies.  Without  going  inh^  a.  (hdaih^il  description  of  these,  wa>  wouhl 
call  your  attentiou  to  two  or  three  of  oiu'  mor(‘  important  devha^s. 


Fig.  is. — Grolip  op  Sockets. 


By  tlio  utilization  of  tlie  principle  of  self  induction,  we  are  eualded  to  turn 
up  and  down  iiutaudescent  lamps  in  nurubei’s  and  in  degi'ees  to  suit.  This  is 
accomplished  hy  the  Houst'  and  Stage  Begulators,  designed  to  he  used,  as  their 
luuues  indicate,  res] )ecti vely  in  dwellings  and  in  public  bnildiiigs.  These  devices 
are  simple,  durable,  easily  handled,  and  not  liable  to  get  out  of  order. 


Fig.  19. —House  and  Stage  Regulator. 
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Fig.  20. — The  Cigak  Lighter. 


The  Cigar  Ihgliter  is  neat  anh  conipa(.-t.  Several  small  platinum  wires, 
monnted  on  an  asbestos  hack,  are  l )rougiit  to  a red  heat  instantly  when  the  de- 
vice  is  called  into  seiwice. 
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Fkj.  21.  Station  Switches. 


Our  marble  and  slate  backed  Station  Switcbes  are  unexcelled  in  design  and 


-^0 


bnisii. 


i 


Fi(i.  22. — The  Alternating  Current  Arc  Dynamo 


tfh,  sAlterr\afir(|  ^urrer^f  aArc  System. 


HIS  system  claims  recognition,  as  introducing  into  the  electric  in- 
dustry, several  entirely  new  features,  a])Solntely  distinct  and 
different  from  those  of  direct  current  arc  systems.  AVe  can  per- 
haps best  demonstrate  this  fact  hy  a brief  detailed  description  of 
the  varions  parts  which  go  to  make  it  up.  We  illustrate  first  the  dynamo  com- 
plete, and  note  that  it  has  much  the  same  appearance  as  has  onr  standard  incan- 
descent machine.  The  same  features  of  self-oiling  healings,  toothed  armature, 
and  the  absence  of  extraneous  regailating  devices,  obtain  in  the  arc  as  well  as  in 
the  incandescent  machine.  The  self-regulating  feature  in  the  arc  dynamo  is, 
if  possilde,  however,  in  greater  contrast  to  other  existing  machines,  than  it  is 
in  our  incandescent  generator.  We  Ijelieve  that  nearly  all  arc  systems  emjiloy 
ing  the  direct  current,  lay  claim  to  more  or  less  self-regulation.  This  so-called 
self -regulation,  by  the  direct  current  is  invariably  secured  liy  some  form  of  ex- 
traneous governing  device.  The  principle  of  alternation  carries  with  it  the  re- 
lated principle  of  self-induction,  to  which,  among  others,  the  alternating  current 
apparatus  is  indebted  for  many  of  its  most  valuable  features.  Its  illustration  in 
this  instance  is  the  attainment  of  strict  self-regulation,  not  by  any  form  of 
mechanism,  hut  wholly  hy  the  effects  of  self-induction,  and  the  reaction  l)etween 
armature  and  ffeld  due  to  a peculiar  form  of  construction  and  winding.  In  other 
words,  the  alternating  current  dynamo  is  self-regulatiiig  in  the  most  C(implete 
and  literal  sense.  It  is  not  self-regulating  over  some  parts  of  its  range,  hut  over 
its  entire  range.  Thus  we  illustrate  our  Xo.  1 dynamo,  which,  while  liurniug  its 
full  capacity  of  sixty  lights,  may  he  cut  down  to  a single  lamp  without  any 
effect  whatever  upon  the  dynamo,  and  without  changing  the  service  given  hy 
the  lamp  remaining  in  circuit.  When  short-circuited  the  armature  can  he  run 
indeffnitely  without  undue  heating  or  sparking,  and  without  any  apprecialile 
effect  upon  its  operation.  There  being  no  commutator,  the  adjustment  of  the 
brushes  becomes  a matter  of  indifference  as  far  as  their  jiosition  on  any  in- 
dividual }iart  of  the  collector  ring  is  concerned,  it  being  only  necessary  that 
they  should  make  good,  clean  contact.  Serious  si)arking  is  unknown  in  a station 
using  the  alternating  current  arc  dynamos. 

All  om-  alternating  current  generators  can  l)e  run  in  either  direction.  It 
is,  therefore,  easy  to  place  them  to  accommodate  various  arrangements  of  j)ul- 
leys,  engines,  etc. 
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®Altet'na+ir\|  (^urren-t  aAr(  Dynanios. 
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( )iie  i)i  tlie  most  fre(jiieiit  and  serious  causes  of  accident  in  the  use  of 
arc  ligld.  systems  lias  heeu  tlie  hreakiug  of  the  circuit  wires  carrying  tlie  main 
current.  These  remain  charged  witli  the  higli-potential  current,  and  if  jiicked 
up  liy  some  uusus[)ectiug  person  may  lie  the  cause  of  serious  injury  or  }ierha}»s 
ileath.  As  is  well  known,  this  condition  of  affairs  has  had  the  attention  of  the 
brightest  electricians,  of  municipal  authorities  in  many  places,  and  even  of  State 
legislatni'es  at  times.  Many  and  vaifed  attenpits  have  heen  made  to  secure  a. 
preventive  foi‘  the  ditticnlty.  It  has,  however,  seemed  inherent  in  the  use  of  arc 
lamps,  and  it  has  remained  for  the  alternating  current  to  again  afford  a solution 
of  the  [irohlem. 

We  illustrate  on  [lage  4;’.  what  is  known  as  the  Short-t'ircniting  Device, 
anil  which  is  attached  to  every  alternating  current  arc  dynamo.  This  device 
provides  for  immediately  cutting  out  the  entire  circuit  operated  as  soon  as  it  is 
broken  at  any  point.  When  thus  cut  out,  the  circuit  carries  no  current  or 
charge  whatever.  To  use  a common  expression,  the  wire  is  “ dead,”  and  it  may 
he  handled  freely  by  any  one  without  the  slightest  danger  of  harm.  This  result 
is  accomplished  h//  short-circuit iitij  the  (hjnomo  itself.  We  desire  to  call  particu- 
lar attention  to  the  fact,  that  it  is  (juite  impossilile  to  short-circuit  the  ordi- 
nary forms  of  direct  current  dynamos,  without  immediate  and  serious  damage, 
and,  therefore,  that  this  device  is  applicable  oc/y  to  (dtern<din(j  ciirrod  ma- 
chines. 

By  reason  of  the  inherent  aliility  to  regulate  for  all  variations  in  load,  the 
commercial  etficiency  of  the  alternating  current  arc  dynamo  is  considerably  in- 
creased, the  amount  of  power  taken  lieing  in  proportion  to  the  number  of  lamps 
in  circuit,  all  the  way  from  full  load  to  less  than  one-fifth  load,  with  very  close 
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approxiniatioii.  This  fact,  coupled  with  the  compact  design  of  the  machine  and 
the  absence  of  cuml)ersome  commutators,  makes  it  possible  to  obtain  liigher 
efficiency  and  to  generate  the  amoimt  of  power  reciuisite  f(jr  a full  arc  lamp 
with  less  expenditure  of  energy  in  the  steam  plant. 


Fig.  2;i. — Short-Circuiting  Device 
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E Lamp  has  been  designed  with  tlie  ])aTticnlar  view  of  meeting 
the  requirements  of  mnnicipalities,  nnder  tlie  assumption  tliat  its 
ofiic(‘  is  to  light  the  greatest  area  witli  a minimnm  expenditure 
of  money  per  aimnm.  As  is  well  known,  owing  to  the  existence 
of  a hole  or  crater^  in  the  lower  end  of  the  nppei'  carhon  of  a dir(‘ct  cnrrent  arc 
lam}),  a very  large  })er-cent  of  its  light  is  thrown  down  in  tlie  form  of  a nari'ow 
cone.  The  natural  result  is  t)")  concentrate  light  in  the  immediate  vicinity  of 
the  lain})  itself,  where  a hrilliant  ilhimination  is  secured.  ( iutside  the  base  of 
the  cone  above  mimed  a very  marked  difference  may  he  oliserved.  Here,  again, 
an  inherent  characteristic  of  the  alternating  current  is  of  value.  Ity  reason  of 
the  fact  that  the  direction  of  How  is  changed  many  times  })er  second,  })articles 
of  carbon  are  carried  to  an  equal  extent  in  both  directions,  and  th<n-e  is  no  crater 
formed  in  either  the  u})})er  or  lower  carbon.  ( )n  the  contrary,  both  carbons 
burn  away  eiiually  and  in  the  form  of  two  rather  hhuit  })encils  or  edges.  Asa 
result  the  rays  of  light  are  thrown  in  a.  horizontal  direction,  so  that  while  in  the 
immediate  vicinity  of  tlie  lain})  there  is  not  as  bright  an  illumination  secured  as 
in  the  case  of  the  direct  cnrrent  lain}),  a nincli  wider  anxi  is  given  a good 
general  light.  This  we  have  assumed  to  he  desirable,  in  lighting  streets,  })arks, 
and  })uhlic  })laces. 

In  the  alternating  cnrrent  arc  lain})  all  cnmbersome  t.ri})-over  devices,  and 
the  conse(}uent  coni})licated  mechanism  necessary  for  the  use  of  two  sets  of  car- 
lions,  have  been  discarded,  it  being  found  })racticahle,  partly  by  reason  of  the 
above  described  metliod  of  burning  the  carbons,  to  use,  instead  of  two  or  more 
small  carlions,  sini})ly  two  Hat  carlions,  half  an  inch  thick,  and  either  one  or  two 
inches  in  breadth.  These  burn  from  fifteen  to  eighteen  hours  in  the  case  of  the 
one-inch  wide  carbons,  and  in  the  case  of  the  two-inch  carlions  from  thirty  to 
thirty-six  hours  with  one  trimmiiig.  In  addition  to  making  the  lain})  far  chea})er, 
lighter,  sim})lei',  and  more  durable,  this  fact  largely  reduces  the  cost  of  mainte- 
nance. It  is  obviously  necessary  to  trim  the  lain})S  but  once  every  two  or  three 
nights,  and  the  cost  of  two  fiat  carbons  is  small  conqiared  to  that  of  eight  round 
carbons,  necessary  nnder  tlie  old  system  of  donble-carlion  lani}is.  It  is  also  a})}ia- 
rent  that  in  the  matter  of  attendance,  lint  one-half  the  number  of  lam}i  trimmers 
is  needed. 
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Aiiothei-  imi)()rtaiit  adjunct  to  the  alteriiatina;  cuiTeut  ai-c  system  is  the 
converter.  A serious  ohjectic hi  ]iasl)een  urged  against  using  direct  current  arc 
lamps  where  they  can  l>e  readily  touched  or  wliei’e  the  wires  are  liable  to  come 


in  contact  witli  any  one.  This  is  on  account  ot  tlie  attendant  danger  of  sliock  or 
injury  to  j)erson.  Tt  is  easy,  in  tlio  case  of  the  idteruating  cni-rent  system,  to 
put  a converter  of  suitable  size  hot wccn  one  oi-  more*  of  the  ai'c  lam[)s  and  tlie 
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main  circmit,  so  that  the  lamj)  or  secondary  circuit  of  the  converter  will  he 
charged  with  hnt  a low  potential  and  eihir(‘ly  harmless.  The  converter,  in  this 
case,  does  not  generally  act  as  a rediu-ing  ag(Mit  to  alter  the  ratios  of  current  and 
electro-motive  force,  hnt  simply  in  the  capacity  of  a safeguard.  However,  it 
also  ()p(*ns  a held  for  the  use  of  much  larger  genei'utors.  without  introducing  pro- 
poi'tionat(*lv  high  potentials  and  the  attimdaid-  risks,  always  accompanying  the 
us(‘ of  direct  (airi'cnt  machines  of  similar  ca[)acity.  For  example,  it  is  the  gen- 
eral custom  in  all  arc  systems  to  run  all  the  lamps  in  seri(“s  with  the  dynamo  — 
that  is  to  say.  a single  wire  is  run  troni  oiu'  pole  of  the  dynamo,  and  carri(‘S  the 
entire  current  of  the  machine,  sncccssivf'ly  thi'ongh  each  individual  lanp*.  and 
hack  to  the  o})[»osite  |)ole  of  the  dynaiim.  As  a conse(pience,  if  each  lamp  takes 
.“>0  \()lts.  and  there  are  titty  lamp^  used,  the  total  eha-ti'o-inotive  foi'ce  of  tlu* 
(tircnit  will  Ix'  .">0  x .■>0,  oi'  2.. loo  volts.  [)his  the  F.  M.  F..  necessary  to  overcome 
the  i-(‘sistanc(‘  in  the  wire  used — a high  i)otential  to  he  handled  without  serious 
risk.  Whil(‘  some  mannfactnrei-s  have  essay(‘d  to  hnild  larger  machines,  it  is 
genta'allv  held  that  for  ordinary  use.  whei-e  lam[)s  are  connected  as  above,  a 
(lo-light  arc  dynamo  is  (piite  at  the  limit  of  safety,  and  that  the  most  careful 
precautions  must  surround  the  introduction  of  lamps  into  iideriors,  with  a view 
of  guarding  against  danger  to  person  and  ])ropei-ty.  With  the  alternating  ar(t 
svstem.  however,  such  is  not  the  case.  Ity  the  use  of  the  converter  the  nnnd)ei' 
of  lights  may  he  gi-eatly  imacast'd  withoid  inci'easing  the  total  electi'o-motive 
foi'ce  of  the  line  heyoiid  a safe  limit.  This  is  hronght  about  by  making  a 
machiiK'  to  gemaute  Me  instead  of  lo  ampta-es  oi'  enri'ent.  this  latter  being 
the  commonlv  adopted  (airrent  foi' full  ai'c  s(a-vice.  Convertei's  are  inti'oduced 
at  desired  [loints  along  the  line,  and  the  :;(»-ampeiv  (airr-ait  is  reduced  to  a h>- 
ani[)ere  (airrcait  for  use  in  the  lamps.  Take,  for  example,  onr  IMn  fnll  arc  light 
dynamo.  If  this  machine  were  built  to  o})erat(‘  iMn  lamps  in  series,  the  total 
electro- motive  force  of  the  line  would  he  iMnxlc,  oi-  1;, non  volts,  })lus  the  E.  M.  F., 
to  oveacome  copjcer  resistance.  Being  (lesigne;!  to  fni'iiish  a M.o-ampere  current, 
the' total  F.  M.  F.  of  the  line  is  lait  slightly  nione  than  M.onn  volts,  or  just  one- 
third  as  mnch,  each  1 im|)  requiring  at  the  jerimary  tca'ininals  of  its  converter,  hnt 
from  l.“)  to  17  volts.  It  will  he  noted  that  ipitoo  volts  is  a considerably  lower 
])otential  than  is  used  lyv  the  direct  current  system  for  the  ordinary  .M'dight 
machine. 

Where  it  is  necessary  to  put  the  circuit  wires  underground,  the  increased 
cost  attendant  upon  the  usual  multiplicaticju  of  cemductors,  heretofore  uii- 
avoidahle.  can  he  very  largely  saved  by  the  use  of  large  generators.  This  })lan. 
we  have  seen,  is  easily  and  safely  jcracticable  where  the  alternating  cnrreiit  sys- 
tem is  employed. 
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Sniiiniiiig  lip.  then,  the  advantages  of  the  alternating  current  ai'C  system, 
we  find  : 

1.  The  dynamo  is  ahsohitely  self-regnlating  over  its  entire  miige. 

•2.  It  is  iidierently  self-regnlating,  without  any  extraneous  devices. 

3.  It  ])i-esents  a safegnard  against  serious  accident  from  breakage  in 
circuit. 

4.  It  permits  tlie  nse  of  dynamos  of  la I'ge  capacity,  withoni  a coi  res])ond- 
ing  increase  of  potential. 

5.  The  armatmv  emI)odies  all  tlie  vahiahle  featnres  of  tlm  toothed  iiattern 
of  constrnction. 

tf  It  may  I)e  rnn  on  a short-circnit  witliont  danger. 

7.  It  iloes  away  with  tlie  introduction  of  tlie  main  circuit,  with  its  high 
potential,  into  interiors. 

8.  It  abolishes  the  use  of  complicated  double  carbon  lamps 

9.  It  cheapens  the  cost  of  maintenance. 

1<).  It  furnishes  a lietter  general  illumination  for  large  areas, 

11.  The  lani})  is  the  lightest  made. 
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(^\}e  Direct  (current  i)^stGm. 


1 

Ol’ll  tlie  tlieoiy  and  tlia  ])ractice  of  ecoiioiiiics,  as  applied  to  Central 
Station  woik,  sliow  tlie  coniinereial  dc'siraltility  of  sui)])lying' 
powor  for  genoral  ns<'.  and  generators,  motors,  and  auxiliary  apjtli- 
aiKX^s  Inivt*  coine  into  almost  as  common  us«'  as  luive  lighting  and 
l)ower  dynamos.  A brief  desci'iption  oi'  tins  style  of  apparatus  follows. 
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1 Hiring  the  past  two  years  we  have  made  many  imiaovements  in  the  de- 
sign and  construction  of  onr  dynamos,  and  have  added  a nmnher  of  new  sizes  to 
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Fig.  •J5,— Letter  Type  Direct  Cukrext  (Iexeratok. 


Fig.  26.  — Hokizo.  tal  Tyi-e  Direct  Current  G-enerator. 


the  list,  which  cover  a range  of  from  1,125  to  522,200  watts  capacity.  Nearly 
all  sizes  of  our  machines  are  huilt  in  two  ways,  first  for  generators,  and 
second,  for  motors,  as  may  l)e  desired.  We  illustrate  four  dift'erent  types,  hegin- 
ning  Axhth  the  smallest  and  designated  resi)ectively  as  the  “Letter”  tyi)e  ma- 
chines, the  “Horizontal”  type  machines,  the  “Upright”  type  machines,  and 
the  “Multipolar”  type  machines. 

The  Letter  type  has  its  held  in  the  form  of  a horseshoe  magnet,  witli  a 
single  coil  wound  on  the  central  })art.  The  armature  is  of  the  t(Jothed  pattern, 
having  an  iron-clad  surface,  upon  which  no  wires  appear.  The  hearings  are  self- 

-jdori'jontal  Direct  (;urr(nt  (a(net'atots. 
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oiling  and  the  brush  holder  is  (.if  a.  most  convenient  pattern.  This  type  is  used 
up  to  15  H.  r.,  and.  with  the  exception  of  the  small  fractional  H.  P.  sizes,  each 
dynamo  is  provided  with  a base,  having  legs  to  bring  it  nj»  a convenient  distance 
from  the  hoor.  The  main  frame,  however,  is  insulated  from  the  base  by  thor- 
oughly dried  wood  blocks. 

From  15,000  to  00,000  watts  ca])acity,  we  build  our  machines  of  the  Horizon- 
tal, c()nse(|uent  pole  type,  similar  to  the  standard  machines  of  this  size,  which  we 
have  formerly  made,  but  without  the  upper  arm  on  the  commutator  side.  This 
is  omitted  to  facihtate  tlie  handling  and  setting  of  the  brushes.  The  handsome 
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and  conujact  dosign  and  (he  excellent  mechanical  constrnction  of  this  machine 
have  commended  it  to  all  users.  A constant  point  of  commutation  is  maintained 
throughout  all  variations  of  load,  tlius  avoiding  the  annoyance  of  shifting  the 
hrushes. 

( )ur  7."), (Hio-watt  machine  is  of  (he  LTi)right  type.  This  design  is  entirely 
new  and  is  chosen  to  economize  floor  s})ace.  The  generator  is  of  the  conse(]uent 
pole  ty})e  and  maintains  a uniform  })otential  at  the  hrushes.  throughout  all 
changes  of  load.  It  further  has  an  ahsolutely  constant  point  of  commutation,  a 
most  important  matter  in  machines  of  large  capacity,  and,  as  will  he  noted,  the 
speed  is  low. 

ddiese  thi-ee  ty})es  of  machines,  when  furnished  as  generators,  are  wound 
for  (lie,  tJ.lO,  or  volts,  conn)ound  or  sliunt,  as  may  he  desired,  and  when  used 
as  ni(_)tors  for  llo,  -A'o,  or  eoo  volts,  shunt  or  series  wound,  thus  allowdng  for 


Multipolar  Direct  (Current  (aenerators. 
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pro})er  percentage  of  loss  in  circuits,  wdien  motoi's  and  generators  are  used  upon 
the  same  system. 

From  75,000  watts  upwai'd  we  build  the  Multipolar  type  of  machines, 
using  I,  ()]■  more  poles,  as  the  case  may  re(iuire.  The  rapidly  increasing 
demand  for  large  units  of  electric  power  has  produced  a condition  of  trade  which 
we  hav'e  carefully  studied  to  meet,  in  the  construction  of  the  multipolar  ma- 
chines. There  are  eJiihodied  certain  featiu'es  worthy  of  special  mention.  In  the 
installation  of  very  huge  units  the  steam  problem  l)ecomes  at  once  prominent, 
and  the  (piestion  of  the  adaptability  of  suitable  engines  witli  proper  si)eed  and 
power,  must  he  carefidly  considered.  Our  niulti})olar  machines  are  built,  both 
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Fi(4.  — Multipole  Direct  Current  Generator. 


A\ath  outboai’d  bearings  for  belt  connection  in  the  regular  way,  and  with  over- 
hanging bearings  for  direct  connection  ^vith  engine  shafts.  The  introduction  of 
the  multipolar  principle  enables  ns  to  very  materially  reduce  speeds,  and  make 
such  direct  connection  easy.  The  importance  of  this  feature  is  becoming  daily 
more  apparent,  and  the  increasing  demand  for  the  strictest  economy  of  floor 
space  is  further  evidence  that  the  electric  industry  has  reache<l  its  proper  level, 
on  the  i)lane  of  carefid  business  methods  and  good  management,  which  alone  can 
hope  for  success  in  these  days  of  close  margins. 


Fig.  29. — Winding  Armature. 

The  })ole  pieces  are  made  up  of  thin  .sheets  of  a very  fine  grade  of  steel, 
placed  side  by  side  and  cast  into  one  })iece  with  the  generator  frame.  The  result 
is  a field  capable  of  such  high  magnetization  with  relation  to  that  of  the  arma- 
ture that  a variation  from  no  load  fofiitt  load  does  not  shift  the  point  of  commu- 
tation at  atl.  This  feature,  of  course,  eliminates  at  once,  tlie  necessity  for  con- 
stant attention  to  the  brushes  when  the  load  changes,  avoids  s])arking.  increases 
the  life  of  the  commutator  and  lirnshes,  and  thereby  simplities,  to  a great  degree, 
the  care  of  a station.  A most  marked  contrast  in  this  respect  is  noted  between 
the  operation  of  the  mnlti})olar  type  of  generator  and  that  of  the  best  large  gen- 
erators previously  offered. 
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^Ve  illustrate  ou  the  preceding  page  a.  corner  of  our  factory,  showing  the 
method  of  winding  inultii)olar  armatures.  It  will  he  noticed  that  the  armature 
core  is  smooth  on  the  outside,  continuously  around  its  entire  i)eriphery,  the  wire 
being /nd  thromili  holes  muhn' ihe  surface.  This  method  ]termitR  the  exercise  of 
the  great('st  precautions  in  insulation,  and  tin*  most  careful  protection  of  each 
wire  from  the  slightest  abrasion  or  injury  of  any  kind.  It  also  allows  a pro{)er 
leeway  for  expansion  ami  contraction,  so  necessary  where  conductors  for  heavy 
currents  ar("  used.  Further,  of  course,  there  being  no  wire  on  the  outside  of  tin 
armature,  damage  by  contact  with  extraneous  objects  or  by  the  lausting  of 
hand  wires,  etc.,  is  avoided. 

The  same  plan  in  regard  to  self-oiling  hearings,  adopted  in  our  A.  C.  gene- 
rators and  i)reviously  described,  is  also  used  in  this  case.  We  illustrate  the  four 
types  of  machines  heretofore  described,  wdth  tables,  giving  the  ratings  as  motors 
and  generators  for  different  voltages,  and  theii'  general  dimensions.  We  also 
illustrate  on  page  Irj  our  llorse-lAwer  Fan  Motor,  to  which  wa  attach  a 
brief  general  description. 
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^pi^e  pan  Motet'. 

Tlie  acconipaiiyiiig  illustration  shows  our  new  3V  1^-  M.  Fau  i\lotor. 
which  is  the  result  of  tuauy  careful  experinieuts  and  conuuercial  tests  extending 
over  a long  period.  It  requires  hut  o.d  of  an  ampere  of  cnrrent  at  loo  volts, 
and  runs  at  the  low  speed  of  '.too  revolutions  ])er  minute.  Its  weight  is  is 
pounds,  and  it  can  therefore  he  handled  with  areat  facility  and  readily  moved 


Fici.  .30. — Direct  Current  Fan  Motor. 


about  from  place  to  place  to  suit  tlie  convenience  of  the  user.  The  hearings  are 
made  of  plumliago,  eliminating  entirely  the  use  of  oil.  and  the  arinatnre  is 
grooved,  alhtwing  the  wire  to  he  placed  entirely  below  the  surface  and  largely 
reducing  air  resistance.  The  motor  is  very  efficient  and  practically  noiseless, 
which  fact,  together  with  its  slow  s]:)eed,  light  weight,  high  efficiency,  and  the 
minimum  amount  of  care  and  attention  re(piire<l  l)y  it,  renders  it  siiecially  de- 
sirable for  use  in  offices  and  stores.  It  is  of  ornamental  design.  A tiexil)le  cord 
and  attachment  plug  is  sujiplied  with  each  motor,  the  plug  being  furnished  t(‘)  tit 
any  style  of  socket  as  ordered. 


We  do  not  here  attempt  to  at  all  ontline  the  various  uses  to  which  electric 
power  is  lupidly  being  put,  hut  l)efore  closing  this  ])aragraph  we  must  mention 
the  rapid  strides  inade  in  the  application  of  electricity  to  mining.  Although 
serious  ohjection  has  been  raised  by  miners  to  the  use  of  the  electric  percussion 
drill  as  offered  on  the  market  to-day,  the  large  expense  attendant  upon  the  use 
of  compressed  air,  where  the  distances  of  transmission  are  considerable,  has 
created  a demand  for  some  cheapei-  method. 


Fig.  31.— -Iron-Cl.\i)  Mining  Motor. 


"We  illustrate  our  Iron-Clad,  Slow  Speed  Mining  Motor,  adapted  for  pumps, 
ventilators,  hoists,  etc.,  in  mines,  and  w^e  also  show'  on  ]iage  54  the  same  motor 
mounted  on  an  Air  Compressor  of  standard  make. 


Fig.  32. — Ingeksoll  Sergeant  Compressor  anp  Motor, 


By  means  of  this  comliination  it  is  possible  to  transmit  power  electrically 
and  secure  all  tlie  advantages  of  cheap  constrnction.  At  tlie  same  time  the  su- 
perior results  pertaining  to  the  use  of  i)neumatic  percussion  drills  are  retained. 
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^ ^uesfion  ©f  Dividends. 


N considering  the  (jnestion  of  investing  in  the  lighting  business  and 
ileciding  npon  tlie  l)est  apparatus  to  pnrchase,  two  (jnestions  pre- 
sent themselves  : 

1.  Whicli  is  the  l)est  ap] )aratns  from  an  electrical  standpoint  ? 

2.  Winch  ai)paratns  will  })nt  the  operating  com})any  in  a position,  con- 
sidering capitalization  and  cost  of  maintenance,  to  earn  the  most  money  ; or  in 
other  words,  which  has  the  greatest  earning  capacity  ? 

If  it  made  hnt  little  difference  whether  onr  apparatus  was  generally  sn- 
l)erior  or  inferior,  there  would  ho  iio  object  in  spending  large  sums  of  money  to 
obtain  superiority  ; hnt  it  is  a fact  that,  in  ol)taining  the  superiority  which  our 
apparatus  ])resents,  you  will  gain  at  the  same  time  the  greater  money  earning 
capacity,  all  the  various  machines,  apparatus,  and  appliances  of  our  make  1)eing 
designed  pi-imarily  with  this  end  in  view.  Tlie  manager  of  a prominent  electric 
light  company,  operating  apparatus  other  than  our  make,  recently  said  to  us  : 
“AYherever  I find  a Westinghouse  station  it  is  earning  money.  I doji’t  know 
why  it  is  so,  hut  the  fact  remains.”  We  have  taken  occasion  during  the  year 
just  past  to  ask  a very  large  number  of  companies  using  our  systems  in  regard 
to  their  exj)enses  and  revenues.  To  the  several  hundred  inquiries  made,  hut  one 
reply  has  been  received  showing  a net  earning  of  less  than  (f  per-cent  on  the 
capital  invested.  In  this  one  case  per-cent  was  the  iiet  earning.  The  largest 
shown  is  dl-i%  i)er-cent. 

There  must  ho  a reason  for  these  uniformly  good  results.  A careful  inves- 
tigation has  shown  that  it  lies,  not  in  any  one  individual  characteristic,  hnt  is 
made  up  of  economies  in  all  the  various  costs  of  maintenance,  which,  in  the  long 
run,  aggregate  a handsome  profit. 

As  an  illustration  of  this  let  us  take  the  various  items  of  expense  which 
<‘onstituto  the  yearly  cost  of  operating  a station,  and  consider  them  one  by  one. 

1.  21ie  Pay  Poll. — By  the  use  of  self -regulating  generators,  with  self -oiling 
bearings,  and  a system  of  manipulating  the  currents,  which  reipiires  a minimum 
amount  of  attention,  the  station  force  is  reduced  to  the  lowest  limit  consistent 
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with  good  practice;  and  the  ease  and  convenience  of  handling  the  apparatus 
frequently  permit  tlie  employment  of  lower  priced  labor  than  would  otherwise 
be  necessary.  In  tlie  matter  of  outside  attendauce,  in  the  case  of  arc  light  ap- 
paratus, 50  per-cent  of  the  trimmer  hire  is  saved,  and  in  the  case  of  incandescent 
apparatus  the  small  amount  of  repairs  necessary  to  converters  calls  for  little  ex- 
])ense  in  ]>lacing  and  replacing  them.  As  a whole,  lo  per-cent  is  a moderate 
estimate  of  the  saving  effected  in  the  item  of  labor. 

2.  Cost  of  Fuel. — A saving  of  from  3 to  5 per-cent  in  the  generator  efficiency; 
of  1 to  3 per-cent  in  the  converter  efficiency ; of  2 to  10  i)er-cent  in  the  efficiency 
of  incandescent  lamps  ; and  of  5 to  10  per-cent  in  the  efficiency  of  arc  lamps,  will 
net  the  operating  company  a saving  of  from  0 to  18  per-cent  in  fuel  hills  for  a 
year’s  time.  We  must,  of  course,  bear  in  mind  that,  in  addition  to  the  excess  of 
fuel  demanded  by  a less  efficient  system,  it  is  necessary  to  provide  additional 
generating  capacity  at  the  station,  to  take  care  of  an  e(|uivalent  amount  of  light 
and  power  distributed  on  the  consumer's  premises  when  less  efficient  a])}»aratus 
is  used.  A difference  of  10  per-cent  in  this  respect  means  an  additional  10  j^er- 
cent  investment  in  machinery,  or,  as  this  poiat  is  apt  to  he  lost  sight  of  when 
purchasing  machinery,  it  comes  up  more  frequently  in  the  shape  of  lo  per-cent 
less  custom — in  other  words,  revenue. 

3.  Oil,  irn.s'fe,  Taxes,  and  Insurance. — Small  savings  can  be  effected  in 
each  of  these  items,  which  all  swell  the  aggregate  saving,  and  hel])  to  that  extent 
towards  earning  dividends. 

4.  Incandescent  Lamp  Reneicals. — We  have  had  occasion  to  call  attention 
to  the  fact  that  an  incandescent  lam})  lun  continuously  at  1 }Der-cent  above  its 
normal  electro-motive  force  will  thereby  have  its  life  shortened  15  per-cent.  This 
statement,  reduced  to  dollars  and  cents,  means  that  for  every  1 }ier-cent  }ioorer 
regulation  in  his  generators,  lines,  or  converters,  the  Central  Station  manager  may 
add  15  }ier-cent  to  the  cost  of  lamp  renewals.  Therefore,  the  absence  of  the  coni- 
}iensator,  or  Stillwell  regulator,  the  use  oi  a converter  having  from  one-half  to  2 
}>er-cent  inferior  regulation,  and  a generator  lacking  in  this  res}iect  from  2 to  5 
}')er-cent,  may  make  a difference  of  from  ff»  to  lOO  }ier-cent  in  the  item  of  lam}) 
renewals  alone. 

5.  Ttie  Cost  of  Arc  Li(jht  Carbons. — By  the  use  of  the  flat  carbon  A.  (h 
arc  lamp,  one  2-inch  carbon  takes  the  place  of  from  4 to  3,  inch  round  carbons, 
the  flat  carbons  costing  a trifle  over  twice  as  much  as  do  the  round.  Here  is  a 
direct  saving,  then,  of  from  40  to  05  }3er-cent  in  the  cost  of  carbons. 

0.  Repairs,  Rmall  Supplies,  and  Depreciation  of  Machinery. — This  is  an 
item  u])on  which  it  is  difficult  to  estimate  fairly.  The  failure  of  any  part  of  an 
electric  system  which  is  relied  upon  to  give  })ublic  service,  calls  for  not  only  the 
outlay  necessary  to  replace  the  damaged  }iart,  but,  if  it  in  any  way  interrupts 
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the  supply  of  liglit  (^r  power,  throws  discredit  u})Ou  the  operating  company, 
spreads  discontent  and  distrust  among  the  customers,  and  in  general,  operates 
strongly  against  the  maintenance  and  increase  of  custom  and  the  securing  of 
])uhlic  favor;  to  say  nothing  of  the  hard  work  and  worry  called  for  on  the  jiart 
of  the  company's  employees.  We  have  given  the  most  particular  attention  to 
the  design  and  construction  of  <jur  systems,  with  the  viow  of  rednciug  the  jiei- 
centage  of  dejireciation  to  the  lowest  ])ossihle  limit.  This  is  a point  whidi  can- 
not 1)0  to(^  strongly  considered,  and  a dilference  of  from  o to  lo  per-cent  dei)re- 
ciation  on  the  entire  cost  of  electri)-  e(piii)nit'nt  is  a moderate  estimate  to  ])ut  on 
the  value  of  this  feature. 

If  one  thing  is  more  essential  than  another,  it  is,  that  the  supply  of  cur- 
rent should  he  at  all  times  absolutely  reliable.  A companv  winch  ho[)es  for 
success,  in  the  only  worthy  sense  of  the  word,  can  better  atford  to  throw  its 
generator  in  the  sera])  heaj)  than  be  obliged  to  discontinue  sia-vic*^  for  on<^  night. 
Nothing  is  so  discouraging,  so  demoralizing  to  all  concerned,  nothing  proves 
such  a har  to  the  securing  of  the  customer's  confidence,  as  a single  failure  to 
su|)])ly  current.  In  our  toothed  armature  form  of  construction,  with  lathe- 
wound  detachable  coils  ; in  our  interchangeable,  independent  switchboard  ; in 
our  converters,  constructed  with  the  Inghest  regal'd  for  insulation  and  dura- 
bility, we  have  ])rovi!led  against  such  disastrous  occurrences, safeguards  which 
we  alon<‘  have  to  offer,  and  the  imjiortance  of  which  cannot  be  too  highly 
valued. 
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(□eneral  Station  ar\d  Maclaine  Design. 


0 those  of  our  friends  wlio  are  ahout  to  build  stations  for  sup- 
plying electricity,  of  one  forui  or  auotlier,  to  the  general  public, 
we  think  it  desiral)le  here  to  say  a few  words  regarding  the  })lans 
whicli  they  will  adopt. 

( )ur  tirst  advice  is,  1)0  xot  build  youk  statiox  too  s:\iall.  In  explana- 
tion it  is  well  to  state  that,  of  the  many  hundred  companies  who  have  })nrchased 
and  installed  a})paratns  of  one  or  more  of  our  various  systems  during  the  last 
five  years,  over  35  per-cent  have  increase<l  the  capacity  of  their  station  machin- 
ery after  the  original  complement  was  purchased,  and  over  per-cent  have  in- 
creased more  than  once,  some  of  them  as  many  as  six  and  seven  times.  In  a 
great  majority  of  cases  it  has  been  expected  that  the  original  outfit  would  he 
sufficient  to  meet  the  demands  of  trade  for  some  time  to  come.  It  is  necessary 
to  liear  in  mind  in  this  connection,  that  a great  many  of  the  stations  which 
liave  n(')t  increased  their  capacity,  have  only  been  in  0})eration  from  a few 
months  up  to  one  year,  so  that  for  stations  in  operation  two  years  and  over, 
tlie  number  of  those  that  have  increased  is  certainly  over  To  per-cent.  It  is  fre- 
quently the  case  that  when  a company  is  organized,  the  matter  of  securing 
large  or  small  accommodations  presents  no  obstacles,  while  after  the  station  has 
once  been  established,  property  rises  in  price  and  it  is  difficult  or  even  impossible 
to  spread  in  any  direction. 

We  illustrate,  as  a suggestion,  the  outline  plan  of  a station  having  an 
initial  capacity  of  iqoOo  incandescent  and  f.o  arc  liglits,  with  room  for  additional 
(Mjuipment.  and  with  the  building  so  arranged  as  to  permit  further  extension  if 
desired.  Tliis  plan,  of  course,  will  he  subject  to  modifications  according  to  local 
circumstances,  hut  the  best  policy  will  not  cramp  machinery  into  a smaller 
sjiace. 

For  large  stations  to  supply  the  needs  of  cities  of  tlie  first  and  second 
class,  great  care  should  he  exercised  to  meet  the  reipiirements  of  local  conditions 
as  regards  fuel,  water  supi)ly,  and  the  oiieratiou  of  the  station  machinery  with 
a minimum  amount  of  attendance.  We  have  devoted  special  attention  to  this 
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hranch  of  the  business,  and  solicit  consultation  from  those  wdio  liave  in  hand  in- 
stallations of  the  chai'aeter  named. 

(Jne  of  the  most  impoidant  factocs  in  tlu'  earning  capacity  of  a,  station  is 
the  depreciation  oi’  lack  of  de|»reciation  in  its  electrical  machinery.  In  prohahly 
no  other  class  of  a.p|*aratns  is  it  so  easy  to  hnild  tw'o  nuichines  of  a])parently 
identical  construction  and  finish,  and  which  will  pass  a severe  exanii nation  as 
similar  in  all  respects,  and  yet  vary  widely  in  ([iiality.  In  a steam  <‘ngine  or 
hoiler,  an  ethciency  test,  hacked  np  hy  the  inspection  of  a good  nu'chanic,  will 
generally  give  a good  basis  upon  which  to  estiiiLate  the  actual  value  of  the  ma- 
chineiw.  Wdth  electrical  appaiatns  exactly  the  i-everse  is  true.  While  a test  of 
ehiciency  and  regnlation  is  generally  easy,  no  insjcc^ction,  however  carefnl,  can 
safely  determine  the'  grade  to  which  a dynamo  hedongs.  single  example  will 
illustrate  this  ])oint.  When  this  Company  first  hegan  hnilding  dynamos  theyv 
were  given  a capacity  test,  running  under  full  load  for  ten  hours,  dtien,  aftc'r 
being  examined  foi’  flaws,  tests  for  regulation  and  insulation  were*  made,  and 
the  machines  passed  to  the  packing  room  for  shi[iment.  It  was  found  that,  not- 
withstanding the  most  rigid  and  carefnl  prosc'cntion  of  this  system,  defects 
would  i»ass  the  exainination  unnoticed.  A workman  in  winding  would  perhaps 
allow  his  knife  to  slip  and  damage  the'  insulation,  afterwards  covering  up  the 
wc'ak  sjeot  with  an  extra  amount  of  vai'iiish.  The  resnlt  was  satisfactory  in  a 
factoiy  test,  bnt  cpiickly  showed  a,  flaw  in  general  service.  Suhsecpiently  cuir  j)i-e- 
sent  system  was  adopted.  This  is  as  follows  : Every  pait  and  detail  c:)f  each 
machine  is  made  on  the  })iecework  system  of  labor,  and  is  marked  with  the  tag 
of  the  workman  who  makes  it.  After  each  nKicliincc  is  completed,  in  addition  to 
the  tests  above  named  it  is  giveii  an  additional  test,  with  a current  having  from 
three  to  live*  times  the  potc'idial  which  the  various  currc'ut-carrying  parts  are 
normally  rc'cpiired  to  take  care  of.  This  curreid.  is  genei'ated  by  a dynamo  and 
passed  through  convc'rters.  No  light  battery  curreid  is  relied  U])on.  The  high 
electro-motive  force  finds  ont  and  breaks  tbrongh  each  and  every  weak  point  in 
the'  insnlatiem  if  any  e.xist,  in  which  erase  the  elefective  })ieces  are  chargeel  hack 
tee  the  weerkman  whei  is  res})e)nsible'  foi-  the  elefect.  As  a result,  the  greatest  care 
is  taken  hv  e'verv  man  te>  tui-n  eent  neething  but  peitect  weerk,  anel  the  percentage 
e)f  waste  is  very  small.  Since  the  adeejlion  of  the  feeregeeing  system  it  is  a ve-ry 
rare  occairrence  feer  any  latent  elefeeti  tee  he  fenniel  in  any  leart  shi})peel  freem  emr 
fae  leery. 

As  will  be  neeteel.  there  is  abselntely  neething  in  the  appearance  eef  eeiir 
machinerv  tee  indicate  that  it  has  heeii  snhjedeel  tee  the  feeregeeiug  trial.  It  is 
onlv  whe'ii  his  repair  ae-ceeuiit  is  ceempaivel  with  that  of  statieens  using  mae-hiiiery 
neet  so  te'ste'd  tliat  the  manage'r  eef  a (lentral  Statieeii  realizes  the  henetits  the're- 
freun.  The  example'  given  is  eeidy  eene  eef  many. 
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Front  F.levnfion 
Fig.  3y. 


Fienprnt  PLan 
Fig.  34. 


Stole  Elevahon 

Fia.  35. 


Vertical  cross  Section 
Fig.  36. 


Tt  may  he  interesting;  here  to  say  a word  in  regard  to  onr  experiments 
with  iron  and  steel  })lates  for  armature  and  converter  cores,  etc.  AVe  liave  fre- 
quently been  solicited  by  various  iron  and  steel  men  to  test,  with  a view  to 
ado})tion,  this  or  that  grade  of  metal.  The  retpiest  is  generally  accompanied  hy 
a statement  that  such  and  such  promiiieiit  electric  conq)any  has  made  similar 
tests,  obtained  most  satisfactory  results,  aud  placed  large  orders  for  the  goods. 
It  is  our  ])olicy,  in  every  case,  to  make  tests  on  material  offered,  but  in  no  instance 
have  the  results  compared  at  all  favorably  witli  those  obtained  fro)n  the  metal 
inanufactured  specially  for  us  and  under  our  own  ])articular  formula.  It  is 
})roper  to  state  that  only  after  an  extended  series  of  expeilments,  in  which  all 
obtainable  varieties  of  foreign  and  domestic  sheet  iron  and  steel  were  treated, 
was  the  formula  for  our  metal  discovered  aud  ado})ted. 

The  })erfection  and  adojkion  of  the  foregoing  features  and  others  of  a like 
nature  have  been  secured  at  very  great  exptaise.  That  no  outlay  will  l)e  spared  to 
maintain  for  our  api>aratus  its  leading  position,  and  to  improve  it  wherever  ]>os- 
sible,  will  continue  to  be,  as  ever,  a leading  tenet  of  our  policy. 
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